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efficiently relieve (or overcome) the faults on the 
semiconductor chip. 

2. Description of the Related Art 

Various systems have been employed as the 
5 redundancy system utilising the redundancy circuit 
elements in the semiconductor chip, and a shift 
redundancy system among them has the features such as a 
high access speed and a small consumed current (consumed 
power) ^ and is believed to be an effective means for 

10 recent large capacity semiconductor memory devices. 

Here, the construction of a typical 
semiconductor memory device according to the prior art/ 
and its operation, will "be explained with reference to 
Fig. 1 of later-appearing "BRIEF DESCRIPTION OF THE 

15 DRAWINGS" in order to have the problems of conventional 
semiconductor memory devices having the redundancy 
function more easily understood. 

Fig. 1 is a block diagram showing the 
construction of an ordinary semiconductor memory device 

20 having a redundancy function. In the semiconductor 

memory device such as a DRAM;, a row decoder 800 and a 
column decoder 700 operating on the basis of the address 
signals supplied from external are provided to a 
plurality of memory cells 600 arranged in a matrix^, as 

25 shown in Fig* 1. These row decoder 700 and column 

decoder 700 are connected to row selecting lines WL and 
column selecting lines CL, respectively, and are used for 
writing or reading data by selecting a specific memory 
cell from among a plurality of memory cells on the basis 

30 of the address signals Add (AO to An) of the decode 
signal . 

In the ordinary redundancy systems^ the 
redundancy operation is executed by replacing the row 
selecting line or column selecting line (hereinafter 
35 referred to merely as the "selecting lines" unless 
specified otherwise), in which a fault occurs, by 
redundancy selecting lines for relieving the fault that 
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SEMICONDUCTOR MEMORY DEVICE AND METHOD FOR EXECUTING 
SHIFT REDUNDANCY OPERATION 

5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a semiconductor 
memory device having the function of relieving (or 
overcoming) faults by using redundancy selecting lines 
10 when the faults occur in some of a plurality of selecting 
lines for writing or reading data by selecting a specific 
memory cell from among a plurality of memory cells, and 
also to a method for executing this shift redundancy 
operation . 

15 When large capacity semiconductor memory 

devices such as the latest dynamic random access memories 
(DRAMS), static random access memories (SRAMS), flash 
memories f ferromagnetic random access memories (FRAMs}^ 
etc*, are massproduced , it is practically difficult to 

20 manufacture semiconductor chips (semiconductor integrated 
circuits) perfectly free from faults in selecting lines, 
and the like. Because the possibility of the occurrence 
of faults is particularly high at the initial stage of 
mass production, the semiconductor chips must be 

25 discarded in the worst case and the production yield of 

the chips is likely to drop* To minimize the drop of the 
yield, countermeasures for relieving the faults by 
utilizing redundancy circuit elements such as redundancy 
selecting lines, that are disposed in advance in the 

30 semiconductor chip, must be essentially employed. 

On the other hand^ high operation speed and low 
power consumption have been required for the recent large 
capacity semiconductor memory devices. Therefore, the 
redundancy system described above that utilises the 

35 redundancy circuit elements must have a high shift 

redundancy speed and accomplish a high-speed access, and 
must have low power consumption, and must be able to 



are prepared in advance. 

In practice, a redundancy decision circuit 840 
compares the input address with the address of the fault 
selecting line, that is in advance detected and stored, 
whenever the address of the address signal Add is 
inputted, and judges whether or not the input address is 
in conformity with the address of the fault selecting 
line ( conformity /inconf ormity ) . On the other hand, the 
address of the address signal Add is serially inputted to 
the row decoder 800 without passing through the 
redundancy decision circuit 840. When the redundancy 
decision circuit 840 judges that a certain input address 
is not coincident with the address of the fault selecting 
line, the row decoder 800 receives this judgement result 
and selects the selecting line (row selecting line) 
corresponding to the input address. When a certain input 
address is judged as being coincident with the address of 
the fault selecting line, the row decoder 800 does not 
select the selecting line corresponding to the input 
address but selects the redundancy selecting line. In 
this way, the redundancy decision circuit 840 judges 
conformity/inconf ormity between the input address and the 
fault selecting lines for all the input addresses. 

Furthern\ore, the redundancy decision circuit 
740 compares the input address with the address of the 
fault selecting line that is in advance detected and 
stored, whenever the address of the address signal Add is 
inputted, and judges whether or not the input address 
coincides with the address of the fault selecting line 
( conformity/inconf ormity ) . On the other hand, the 
address of the address signal Add is serially inputted to 
the column decoder 700 without passing through the 
redundancy decision circuit 740. When the redundancy 
decision circuit 740 judges that a certain input address 
does not coincide with the address of the fault selecting 
line, the column decoder 700 receives this judgement 
result and selects the selecting line (column selecting 
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line) corresponding to this input address. When a 
certain input address is judged as being coincident with 
the address of the fault selecting line, the column 
decoder 700 does not select the selecting line 
5 corresponding to the input address but selects the 

redundancy selecting line. In this way, the redundancy 
decision circuit 740 judges conformity/ inconformity 
between the input address and the fault selecting line 
for ail the input addresses, 

10 The explanation will be given hereby in further 

detail on the operation when the fault occurs in the 
Column selecting lines CL (selecting lines sO to sn and 
redundancy selecting line sjO) with reference to Fig. 1. 
When a redundancy enable (activation) signal JE]^ 

15 outputted from the redundancy decision circuit 740 is at 
the (Low)" level (that is^ when the input address and 
the address of the fault selecting line are not judged as 
coincident), the column decoder 700 decodes the input 
address of the address signal Add as usual and selects 

20 the object selecting line from among the selecting lines 
sO to sn> When the redundancy enable signal JEN 
outputted from the redundancy decision circuit 740 is at 
the "H (High)" level (that is, when the input address and 
the address of the fault selecting line are judged as 

25 coincident), on rha other hand, the column decoder 700 
brings the selecting line, which is to be selected from 
the input address ^ into the non-selection state and 
selects the redundancy selecting line sjO, 

On the other hand, the operation will be given 

30 in further detail when any fault occurs in the row 

selecting lines WL with reference to Fig. 1. When the 
redundancy enable (activation) signal JEN outputted from 
the redundancy decision circuit 840 is at the "L" level 
(that is, when the input address and the address of the 

35 fault selecting line are not judged as coincident), the 
row decoder 800 decodes the input address of the address 
signal Add as usual and selects the object selecting line 



from among a plurality of selecting lines. When the 
redundancy enable signal JEN outputted from the 
redundancy decision circuit 840 is at the "H" level (that 
is, when the input address and the address of the fault 
selecting line are judged as coincident), on the other 
hand, the row decoder 800 brings the selecting line, that 
is to be selected from the input address, into the non- 
selection state and selects the redundancy selecting 
line. 

AS described above, the address signal Add is 
serially inputted to the column decoder 700 (or to the 
row decoder 800) irrelevantly to the redundancy judgement 
operation of the redundancy decision circuit 740 (or the 
redundancy decision circuit 340). Therefore, the 
redundancy enable signal J2N outputted as the judgement 
result from the redundancy decision circuit 740 (or 340) 
is inputted to the column decoder 70 0 (or to the row 
decoder 800) more belatedly than the timing at which the 
address signal Add is inputted to the column decoder 700 
(or to the row decoder 800: with the proviso that delay 
circuits 720 and 820 shown in Fig. 1 do not exist). 
Here, if the path through which the address signal Add is 
inputted to the column decoder 700 (or to the row decoder 
800) is not retarded time-wise, the selecting line that 
should originally be subjected to redundancy (that is, 
the selecting line to be brought into the non-selection 
state) is often selected for a certain period of time. 
To avoid such a problem, the address signal must be 
decoded after the redundancy judgement of the redundancy 
decision circuit 740 (or the redundancy decision circuit 
84 0) is done, by a method that disposes a delay circuit 
72 0 in the path through which the address signal Add is 
supplied to the column decoder 700 (or disposes a delay 
circuit 820 in the path through which the address signal 
Add is supplied to the row decoder 800), or like means. 
Due to this delay time by the delay circuit, the access 
time gets prolonged at the time of the data writs or read 
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operation, and the high-speed access becomes difficult. 
Furthermore, the redundancy decision circuit 740 (or the 
redundancy decision circuit 840} must be operated 
whenever the address signal Add is inputted, and the 
5 consumed current (consumed power) increases, in 
consequence. 

Unlike the system described above which 
directly replaces the fault selecting line by the 
redundancy selecting line, the shift redundancy system 

10 having the shift redundancy function according to the 

prior art operates a plurality of switch devices so that 
the addresses of the selecting lines of the high order 
(or the low order) can be shifted by one bit to the lower 
order (or to the higher order) by the fault selecting 

15 lines. In such a shift redundancy system, once the 
connection relationship between the decode signal 
outputted from the column decoder 700 (or the row decoder 
800) and the column selecting line CL (or the row 
selecting line) is determined by a plurality of switch 

20 devices, this relationship remains unaltered. Therefore, 
it is not necessary to operate the redundancy decision 
circuit in order to judge conf ormity/inconf ormity between 
the input address and the address of the fault selecting 
line. As a result, the access Speed becomes relatively 

25 higher and the consumed current becomes smaller in the 
semiconductor device using the conventional shift 
redundancy system. 

However, the shift redundancy system according 
to the prior art can shift decode signal lines by only 

30 one bit, that is, by only one selecting line (or in other 
words, it can execute the shift redundancy operation of 
only one bit). Therefore, if two or more than two fault 
selecting lines exist due to short circuit between the 
selecting lines, etc, this system cannot relieve such 

35 fault selecting lines. 

For this reason, even when the conventional 
shift redundancy system is employed, the faults on the 



semiconductor chip cannot be relieved efficiently, and 
the production yield of the chips cannot be greatly 
improved . 

In a semiconductor chip equipped with a 
5 plurality of cell arrays each including a plurality of 
memory cells, a redundancy decision circuit; etc^ is 
generally disposed independently so as to correspond to 
each call array, Therefore ^ the degree of freedom of 
redundancy can be secured for only the total number of 

10 selecting lines (the row selecting lines or the column 
selecting lines) inside one cell array. 

Furthermore, when the shift redundancy 
operation is executed for the column selecting lines 
disposed for a plurality of row blocks, whether or not 

15 the shift redundancy operation is executed for the column 
selecting lines is determined uniformly for all the row 
blocks. Therefore, the redundancy operation is not 
executed for all the row blocks, or the shift redundancy 
operation is executed for the same column selecting lines 

20 of all the rov; blocks. Consequently, redundancy cannot 
be executed in the row block unit, and the degree of 
freedom of redundancy tends to be limited. 

SUMKAKY Or THE INVENTION 

In view of the problems described above, the present 
25 invention aims at providing a semiconductor memory device 
of a shift redundancy system which can relieve fault 
selecting lines when two or more than two fault selecting 
lines occur due to short circuit between the selecting 
lines, etc., and which can relatively increase the degree 
30 of freedom of redundancy, and a method for executing the 
shift redundancy operation. 

To accomplish the object described above, a 
semiconductor memory device according to the present 
invention includes a plurality of selecting lines for 
35 writing or reading data by selecting a specific memory 

cell from among a plurality of memory cells on the basis 
of the address signal supplied from external, and further 
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includes at least one first redundancy selecting line 
positioned at one of the ends among a plurality of 
selecting lines, at least one second redundancy selecting 
line positioned at the other end, and switch circuit for 
5 changeably connecting a plurality of decode signal lines 
decoding the address signal to a plurality of selecting 
lines and to the redundancy selecting lines* 

When any faults occur in a plurality of selecting 
lines in such a circuit construction, a first switch 

10 operation for shifting at least one of the decode signal 
lines in the direction of the first redundancy selecting 
line is executed^ or a second switch operation for 
shifting at least one of the decode signal lines in the 
direction of the second switch operation is executed, or 

15 both of the first and second switch operations are 

executed. Here, the tern "to shift decode signal lines" 
means the shift of the state of connection between the 
selecting line and the decode signal line* 

Preferably, both of the first and second switch 

20 operations are executed when the faults occur in two 
selecting lines among a plurality of selecting lines. 

Preferably, further, when a plurality of selecting 
lines are arranged in alignment in the transverse' 
direction and when the faults occur in two selecting 

25 lines araong a plurality of selecting lines, the first 

switch operation is executed by shifting at least one of 
the decode signal lines to the left and the second switch 
operation is executed by shifting at least one of the 
decode signal lines to the right. In other words ^ the 

30 semiconductor memory device according to the present 
invention is constituted so that the two-bit shift 
redundancy operation is executed by shifting the decode 
signal lines in the direction of the first redundancy 
selecting line and in the direction of the second 

35 redundancy selecting lines. 

Preferably, when the fault occurs in one of a 
plurality of selecting lines, the first or second switch 



99- 



^/ re- 



operation described above is executed. 

Preferably, further, wtien a plurality of selecting 
lines are arranged in alignment in the transverse 
direction and when the fault occurs in one of these 
5 selecting lines, the first switch operation is executed 
by shifting at least one of the decode signal lines to 
the left, or the second switch operation is executed by 
shifting at least one of the decode signal lines to the 
right » In other words, the semiconductor memory device 

10 according to the present invention is constituted so that 
the one-bit shift redundancy operation can be executed in 
the same way as in the prior art by shifting the decode 
signal lines in the direction of the first redundancy 
selecting line or in the direction of the second 

15 redundancy selecting line. 

On the other hand, the semiconductor device 
according to the present invention includes a plurality 
of selecting lines for writing or reading data by 
selecting a specific merr.ory cell from among a plurality 

20 of memory cells on the basis of the address signal 

supplied from external; at least one first redundancy 
selecting line positioned at. one of the ends among a 
plurality of the selecting lines and at least one* second 
redundancy selecting line positioned at the other end; a 

25 switch unit including a plurality of switch devices for 
changeably connecting a plurality of decode signal lines 
decoding the address signal to a plurality of the 
selecting lines and to the redundancy selecting lines; a 
shift fuse circuit unit having a plurality of fuses 

30 disposed so as to correspond to a plurality of selecting 
lines and to the redundancy selecting lines, for cutting 
the fuses corresponding to fault selecting lines in which 
the faults occur, and redundancy selecting fuses 
corresponding to the redundancy selecting lines, when the 

35 faults occur in a plurality of selecting lines; and a 

shift redundancy control circuit unit for controlling a 
plurality of the switch devices in such a manner as to 
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execute a firsr switch operation for shifting at least 
one of the decode signal lines in the direction of the 
first redundancy selecting line or a second switch 
operation for shifting at least one of the decode signal 
5 lines in the direction o£ the second redundancy selecting 
line or both of the first and second switch operations, 
in accordance with the output result from the shift 
redundancy fuse circuit unit, 

when faults occur in two of a plurality of selecting 

10 lines, the shift redundancy fuse circuit unit preferably 
cuts the fuses corresponding to the two fault selecting 
lines in which the faults occur, and the redundancy 
selecting fuses corresponding to the redundancy selecting 
lines, and the shift redundancy control circuit unit 

15 controls a plurality of the switch devices in such a 

manner as to execute both of the first and second switch 
operations , 

Preferably, further, when a fault occurs in one of a 
plurality of selecting lines, the shift redundancy fuse 

20 circuit unit cuts the fuse corresponding to one fault 
selecting line in which the fault occurs, and the 
redundancy selecting fuse corresponding to the redundancy 
selecting line, and the shift redundancy control circuit 
unit controls a plurality of the switch devices in such a 

25 manner as to execute eirher one of the first and second 
switch operations. 

On the other hand, the first method for executing a 
shift redundancy operation according to the present 
invention comprises the steps of arranging a plurality of 

30 selecting lines for writing or reading data by selecting 
a specific memory cell from among a plurality of memory 
cells on the basis of the address signal supplied from 
external; using at least one selecting line positioned at 
one of the ends among these selecting lines as at least 

35 one first redundancy selecting line and at least one 

selecting line positioned at the other end as at least 
one second redundancy selecting line; connecting 



changeably a plurality of decode signal lines decoding 
the address signal to a plurality of the selecting lines 
and to the redundancy selecting lines; and executing a 
first switch operation for shifting at least one of the 
decode signal lines in the direction of the first 
redundancy selecting line or a second switch operation 
for shifting at least one of the decode signal lines in 
the direction of the second redundancy selecting lines ; 
or both of the first and second switch operations. 

Preferably, when faults occur in two of a plurality 
of selecting lines, the first method for executing a 
shift redundancy operation according to the present 
invention executes both of the first and second switch 
operations . 

Preferably r further, when the fault occurs in one of 
a plurality of selecriing lines ; the first method for 
executing a shift redundancy operation according to the 
present invention executes either one of the first and 
second switch operations . 

The second method for executing a shift redundancy 
operation according to the present invention coir.prises 
the steps of arranging a plurality of selecting lines for 
writing or reading data by selecting a specific irremory 
cell from among a plurality of memory cells on the basis 
of the address signal supplied from external; using a 
selecting line positioned at one of the ends of these 
selecting line as at least one first redundancy selecting 
line and a selecting line positioned at the other end as 
at least one second redundancy selecting line? connecting 
changeably a plurality of decode signal lines decoding 
the address signal to a plurality of the selecting lines 
and to the redundancy selecting lines; cutting a fuse 
corresponding to a fault selecting line, in which a fault 
occurs/ and a redundancy selecting fuse corresponding to 
the redundancy selecting line^ in a shift redundancy fuse 
circuit unit having a plurality of fuses when any fault 
occurs in a plurality of the selecting lines; and 
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executing a first switch operation for shifting at least 
one of the decode signal lines in the direction of the 
first redundancy selecting line or a second switch 
operation for shifting one of the decode signal lines in 
5 the direction of the second redundancy selecting line or 
both of the first and second switch operations, in 
accordance with the output result from the shift 
redundancy fuse circuit unit. 

The third method for executing a shift redundancy 

10 operation according to the present invention comprises 

the steps of arranging a plurality of selecting lines for 
writing or reading data by selecting a specific memory 
cell from among a plurality of memory cells on the basis 
of the address signal supplied from external; using a 

15 selecting line positioned at one of the ends of these 
selecting lines as at: least one first redundancy 
selecting line and a selecting line positioned at the 
other end as at least one second redundancy selecting 
line; connecting changeably a plurality of decode signal 

20 lines decoding the address signal to a plurality of the 
selecting lines and to the redundancy selecting lines; 
designating the address of a fuse corresponding to a 
fault selecting line, in which a fault occurs / and 
generating a fuse decode signal, when any fault occurs in 

25 a plurality of the selecting lines? and executing a first 
switch operation for shifting at least one of the decode 
signal lines in the direction of the first redundancy 
selecting line or a second switch operation for shifting 
at least one of the decode signal lines in the direction 

30 of the second redundancy selecting line or bo^ih of the 
first and second switch operations, in accordance with 
the fuse decode signal. 

The fourrh method for executing a shift redundancy 
operation according to the present invention comprises 

35 the steps of arranging a plurality of selecting lines for 
writing or reading data by selecting a specific memory 
cell from among a plurality of memory cells on the basis 
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of the address signal supplied from external; using a 
selecting line positioned at one of the ends of a 
plurality of the selecting lines as at least one first 
redundancy selecting line and a selecting line positioned 
5 at the other end as at least one second redundancy 

selecting line; connecting changeably a plurality of 
decode signal lines decoding the address signal to a 
plurality of the selecting lines and to the redundancy 
selecting lines; causing adjacent cell arraya to share a 

10 shift redundancy circuit unit having a plurality of 

fuses; designating the address of the fuse corresponding 
to a fault selecting line, in which the fault occurs, and 
generating a fuse decode signal, on the basis of the 
combination of a plurality of fuses when any fault occurs 

15 in a plurality of selecting lines; and executing a first 
switch operation for shifting at least one of the decode 
signal lines in the direction of the first redundancy 
selecting line or a second switch operation for shifting 
at least one of the decode signal lines in the direction 

20 of the second redundancy selecting line or both of the 
first and second switch operations, in accordance with 
the fuse decode signal from the fuse decoder circuit. 

The fifth method for executing a shift redundancy 
operation according to the present invention comprises 

25 the steps of arranging a plurality of column selecting 

lines for writing or reading data by selecting a specific 
memory cell, from among a plurality of memory cells 
constituting each of a plurality of memory cell blocks on 
the basis of the address signal supplied from external, 

30 each of these memory cell blocks being divided into a 
plurality of row blocks; using a column selecting line 
positioned at one of the ends of a plurality of the 
column selecting lines as at least one first redundancy 
selecting line and a column selecting line positioned at 

35 the other end as at least one second redundancy selecting 
line; connecting changeably a plurality of decode signal 
lines decoding the address signal to a plurality of 
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column selecting lines and to the redundancy selecting 
lines; designating the address of the fuse corresponding 
to a fault selecting line, in which a fault occurs, and 
generating a fuse decode signal in the shift redundancy 
5 fuse circuit unit having a plurality of fuses on the 

basis of the combination of these fuses when any fault 
occurs in a plurality of the column selecting lines; and 
executing a first switch operation for shifting at least 
one of the decode signal lines in the direction of the 

10 first redundancy selecting line or a second switch 

operation for shifting at least one of the decode signal 
lines in the direction of the second redundancy selecting 
line or both of the first and second switch operation, or 
not executing both of the first and second switch 

15 operation, independently for each of a plurality of the 

row blocks on the basis of the logical addresses of these 
row blocks . 

The sixth method for executing a shift redundancy 
operation according to the present invention comprises 

20 the steps of arranging a plurality of coluinn selecting 

lines for writing or reading data by selecting a specific 
memory cell, from among a plurality of memory cells 
constituting each of a plurality of memory cell blocks on 
the basis of the address signal supplied from external, 

25 each of the memory cell blocks being divided into a 

plurality of row blocks; using a column selecting line 
positioned at one of the ends of a plurality of column 
selecting lines as at least one first redundancy 
selecting line and a selecting line positioned at the 

30 other end as at least one second redundancy selecting 

line; connecting changeably a plurality of decode signal 
lines decoding the address signal to a plurality of the 
selecting lines and to the redundancy selecting lines; 
cutting a fuse corresponding to a fault selecting line, 

35 in which a fault occurs, and a redundancy selecting fuse 
corresponding to the redundancy selecting line inside a 
shift redundancy fuse circuit unit having a plurality of 
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fuses, when any faulc occurs in a plurality of column 
selecting lines; and executing a first switch operation 
for shifting at least one of the decode signal lines in 
the direction of the first redundancy selecting line or a 
5 second switch operation for shifting at least one of the 
decode signal lines in the direction of the second 
redundancy selecting line or both of the first and second 
switch operations, or not executing both of the first and 
second switch operations, independently for each of a 

10 plurality of row blocks on the basis of the logical 
addresses of a plurality of row blocks* 

Furthermore, a seiuiconductor device according to the 
present invention comprises a plurality of selecting 
lines for writjing or reading data from among a plurality 

15 of memory cells on the basis of the address signal 

supplied from external; at least two first redundancy 
selecting lines positioned at one of the ends among a 
plurality of rhe selecting lines and at least two second 
redundancy selecting lines positioned at the other end; 

20 and first and second swi::ch units disposed in at least 
two stages, for changeably connecting a plurality of 
decode signal lines decoding the address signal to a 
plurality of the selecting lines and to the redundancy 
selecting lines, 

2 5 when any faults occur in a plurality of the 

selecting lines in such a circuit construction, a first 
switch operation for shifting at least one of the decode 
signal lines in the direction of the first redundancy 
selecting lines or a second switch operation for shifting 

30 at least one of the decode signal lines in the direction 
of the second redundancy selecting lines or both of the 
first and second switch operations are executed by the 
first switch unit, and a third switch operation for 
shifting further at least one of the decode signal lines, 

35 that is subjected to the first switch operation, in the 
direction of the first redundancy selecting lines or a 
fourth switch operation for shifting further at least one 
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of the decode signal lines, that is subjected to the 
second switch operation, in the direction of the second 
redundancy selecting lines, or both^ or none, of the 
third and fourth switch operations are executed by the 
5 second switch unit. 

Preferably r when the faults occur in four of the 
selecting lines, both of the first and second switch 
operations by the first switch unit are executed and both 
of the third and fourth switch operations by the second 
10 switch unit are executed. 

Preferably, when the faults occur in three of the 
selecting lines, both of the first and second switch 
operations are executed by the first switch unit and 
either one of the third and fourth switch operations is 
15 executed by the second switch unit. 

Preferably, further, when the faults occur in two of 
the selecting lines / either one of the first and second 
switch operations is executed by the first switch unit 
and either one of the third and fourth switch operations 
20 is executed by the second switch unit. 

Preferably, further, when the faults occur in two of 
the selecting lines, both of the first and second switch 
operations are executed by the first switch unit and one 
of the third and fourth switch operations are executed by 
25 the second switch unit. 

Preferably, further, when the fault occurs in one of 
the selecting lines, either one of the first and second 
switch operations is executed by the first switch unit 
and none of the third and fourth switch operations are 
30 executed by the second switch unit. 

Preferably, further, when at least one of the first 
redundancy selecting lines and the second redundancy 
selecting lines are connected to the decode signal lines 
by the switch operation described above ^ the redundancy 
35 selecting line positioned closer to a plurality of 
selecting lines is preferentially used, 
BRIEF DESCRIPTION OF THE DRAWINGS 
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The above object and features of the present 
invention will be more apparent from the following 
description of the preferred embodiments with reference 
to the accompanying drawings, wherein: 
5 Fig. 1 is a block diagram showing the construction 

of a semiconductor memory device equipped with an 
ordinary redundancy function; 

Fig. 2 is a block diagram showing a basic embodiment 
according to the basic principle of the present 
10 invention; 

Fig. 3 is a schematic view useful for explaining the 
basic principle of the present invention; 

Fig. 4 is a block diagram showing the basic concept 
of a shift redundancy circuit according to the present 
15 inventions- 
Figs. 5a to 5c are diagrams each showing a signal 
level at each part of Fig. 4; 

Fig. 6 is a circuit diagram showing the construction 
of a selecting line drive circuit in a first preferred 
20 embodiment of rhe present invention; 

Fig. 7 is a circuit diagram showing the construction 
of a shift control circuit in the first preferred 
embodiment of the present invention; 

Fig. 8 is a circuit diagram showing the construction 
25 of a decoder circuit in the first preferred embodiment of 
the present invention; 

Fig- 9 is a circuit diagram showing the construction 
of a fuse circuit for normal selection in the first 
preferred embodiment of the present invention; 
30 Fig. 10 is a circuit diagram showing the 

construction of a fuse circuit for redundancy selection 
in the first preferred embodiment of the present 
invention; 

Fig, 11 is a circuit diagram showing the 
35 construction of a fuse circuit for forced redundancy in 
the first preferred embodiment of the present invention; 
Fig, 12 is a circuit diagram (No. 1) showing the 
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connection of each circuit in the first preferred 
embodiment of the present invention; 

Fig. 13 is a circuit diagram (No. 2) showing the 
connection of each circuit in the first preferred 
5 embodiment of the present invention; 

Fig. 14 is a circuit diagram (No* 3) showing the 
connection of each circuit in the first preferred 
embodiment of the present invention; 

Fig. 15 is a circuit diagram (No. 4) shoving the 
10 connection of each circuit in the first preferred 
embodiment of the present invention; 

Fig. 16 is a circuit diagram (No, 5) showing the 
connection of each circuit in the first preferred 
embodiment of the present invention ^ 
IS Fig, 17 is a circuit diagram {No, 6) showing the 

connection of each circuit in the first preferred 
embodiment of the present invention; 

Fig. 18 is a diagram showing a circuit layout of a 
shift control circuir: in the first preferred embodiment 
2 0 of the present invention; 

Fig. 19 is a diagram showing a circuit layout of the 
fuse circuits in the first preferred embodiment of the 
present invention; 

Fig, 20 is a circuit diagram showing the 
25 construction of a selecting line drive circuit in a 
second preferred embodiment of the present invention; 

Fig. 21 is a circuit diagram showing the 
construction of a shift control circuit for normal 
selection in the second preferred embodiment of the 
30 present invention; 

Fig. 22 is a circuit diagram showing the 
construction of a redundancy shift control circuit for 
the left end in the second preferred embodiment of the 
present invention; 
3S Fig. 23 is a circuit diagram showing the 

construction of a redundancy shift control circuit for 
the right end in the second preferred embodiment in the 
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present invention ; 

Fig. 24 is a circuit diagram shoving the 
construction of a fuse circuit for normal selection in 
the second preferred embodiment of the present invention? 
5 Fig. 25 is a circuit diagram shoving the 

construction of a fuse circuit for redundancy selection 
in the sscond preferred embodiinent of the present 
invention; 

Fig. 26 is a circuit diagram shoving the 
10 construction of a fuse circuit for forced redundancy in 
the second preferred embodiinent of the present invention; 

Fig. 27 is a circuit diagram shoving the 
construction of a decoder circuit in the second preferred 
embodiment of the present invention; 
15 Fig. 28 is a timing chart useful for explaining the 

operation of the selecting line drive circuit shovn in 
Fig. 20; 

Fig. 29 is a circuit diagram (No* 1} showing the 
connection of each circuit in the second preferred 
20 embodiment of the present invention; 

Fig. 30 is a circuit diagram (:^o, 2) showing the 
connection of each circuit in the second preferred 
embodiment: of the present invention; 

Fig, 31 is a circuit diagram (No* 3) showing the 
25 connection of each circuit in the second preferred 
embodiment of the present invention; 

Fig, 32 is a circuit diagram (No. 4) showing the 
connection of each circuit in the second referred 
embodiment of the present invention; 
30 Fig. 33 is a circuit: diagram (No. 5) showing rhe 

connection of each circuit in the second preferred 
embodiment of the present invention; 

Fig. 34 is a circuit: diagram (No. 6) showing the 
connection of each circuit in the second preferred 
35 embodiment of the present invention; 

Fig. 3 5 is a diagram showing a circuit layout of a 
shift control circuit in the second preferred embodiment 
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of the present invention; 

Fig, 3 6 is a diagram showing a circuit layout of the 
fuse circuits in the second preferred embodiment of the 
present invention; 
5 Fig. 37 is a circuit diagram showing a structural 

example of a redundancy block detecting circuit applied 
to an embodiment of the present invention? 

Fig, 38 is a block diagram (No. 1) showing an 
overall circuit construction of a third preferred 
10 embodiment of the present invention; 

Fig, 39 is a block diagram (No. 2) showing the 
overall circuit construction of the third preferred 
embodiment of the present invention; 

Fig. 40 is a block diagram (No. 3) showing the 
15 overall circuit construction of the third preferred 
embodiment of the present: invention; 

Fig. 41 is a circuit: diagram showing the 
construction of a fuse circuit for redundancy selection 
in the third preferred embodiment of the present 
20 invention; 

Fig. 42 is a circuit diagram showing the 
construction of a fuse circuit for forced redundancy in 
the third preferred embodiment of the present invention; 

Fig. 43 is a circuit diagram showing the 
25 construction of a fuse circuit for normal selection in 

the third preferred embodiment of the present invention; 

Fig. 44 is a circuit diagram showing the 
construction of a fuse signal generating circuit in the 
third preferred embodiment of the present invention; 
30 Fig. 45 is a circuit diagram showing the 

construction of a fuse pre-decoder circuit in the third 
preferred embodiment of the present invention; 

Fig. 46 is a circuit diagram showing the 
construction of a fuse decoder circuit in the third 
35 preferred embodiment of the present invention; 

Fig. 47 is a voltage waveform diagram showing a 
simulation operation of the fuse circuit shown in Fig, 43 



when no fault exists in the selecting line; 

Fig. 48 is a voltage waveform diagram showing a 
simulation operation of the fuse pre-decoder circuit 
shown in Fig* 45 when no fault exists in the selecting 
line; 

Fig. 49 is a voltage waveform diagram showing the 
simulation operation of the fuse circuit shown in Fig. 43 
when a two-shift redundancy operation is executed; 

Fig. 50 is a voltage waveform diagram showing the 
simulation operation of the fuse pre-decoder circuit 
shown in Fig. 45 when a two-shift redundancy operation is 
executed; 

Fig, 5i is a diagram showing a schematic 
construction of a semiconductor chip to which a shift 
redundancy semiconductor memory device of the present 
invention is applied; 

Fig, 52 is a schematic view showing in enlargement 
the construction of a part A in Fig. 51 when a fuse 
circuit, a forced redundancy fuse circuit and a 
redundancy selecting fuse circuit are independently 
provided to each of the ceil arrays; 

Fig. 53 is a schema-cic view showing in enlargement 
the construction of a part B shown in Fig. 51 when shift 
redundancy of column redundancy selecting lines is 
executed uniformly for a plurality of row blocks in a 
memory cell block; 

Fig, 54 is a schematic view showing in enlargement 
the construction of the part A shown in Fig. 51 when a 
fuse circuit and a forced redundancy fuse circuit are 
shared for adjacent cell arrays; 

Fig. 55 is a schematic view showing in enlargement 
the construction of the part B shown in Fig. 51 when 
shift redundancy of column selecting lines is executed in 
a block unit in the memory cell block; 

. Fig, 56 is a block diagram (No. 1) showing the 
overall circuit construction of a fourth preferred 
embodiment of the present invention; 
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Fig, 57 is a block diagram {No. 2) showing the 
overall circuit construction of the fourth preferred 
embodiment of the present invention; 

Fig. 58 is a block diagram (No. 3) showing the 
5 overall circuit construction of the fourth preferred 
embodiment of the present invention; 

Pig. 59 is a block diagram {No, 4) showing the 
overall circuit construction of the fourth preferred 
embodiment of the present invention; 
10 Fig. 60 is a block diagram {No, 5) showing the 

overall circuit construction of the fourth preferred 
embodiment of the present invention; 

Fig, 61 is a block diagram (No. 6) showing the 
overall circuit construction of the fourth preferred 
15 embodiment of the present invention; 

Fig, 62 is a circuit diagram showing the 
construction of a redundancy selecting fuse circuit in 
the fourth preferred embodiment of the present invention; 

Fig. 63 is a circuit diagram showing the 
20 construction of a forced redundancy fuse circuit in the 
fourth preferred embodiment of the present invention; 

Fig. 64 is a circuit diagram showing the 
construction of a fuse circuit for normal selection i.n 
the fourth preferred embodiment of the present invention; 
25 Fig. 65 is a circuit diagram showing the 

construction of a fuse signal amplifying circuit for 
redundancy selection in the fourth preferred embodiment 
of the present invention; 

Fig. 66 is a circuit diagram showing the 
30 construction of a fuse signal generating circuit in the 
fourth preferred embodiment of the present invention; 

Fig. 67 is a circuit diagram showing the 
construction of a first fuse pre-decoder circuit in the 
fourth preferred e.mbodiment of the present invention; 
35 Fig, 68 is a circuit diagram showing the 

construction of a second fuse pre-decoder circuit in the 
fourth preferred embodiment of the present invention; 
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Fig. 69 is a circuit diagram showing the 
construction of a fuse decoder circuit in the fourth 
preferred embodiment of the present inventions- 
Fig, 70 is a circuit diagram showing the 
construction of a shift controlling circuit in the fourth 
preferred embodiment of the present invention; 

Fig. 71 is a block diagram (No. 1) showing an 
overall circuit construction of a fifth preferred 
embodiment of the present invention; 

Fig. 72 is a block diagram (No. 2) showing the 
overall circuit construction of the fifth preferred 
embodiment of the present invention; 

Fig. 73 is a block diagram (No. 3) showing the 
overall circuit construction of the fifth preferred 
embodiment of the present invention; 

Fig. 74 is a circuit diagram showing the 
construction of a redundancy selecting fuse circuit in 
the fifth preferred embodiment of the present invention; 

Fig. 75 is a circuit diagram showing the 
construction of a fuse circuit for forced redundancy in 
the fifth preferred embodiment of the present invention; 

Fig, 76 is a circuit diagram showing the 
construction of a fuse circuit for normal selection in 
the fifth preferred embodiment of the present invention; 

Fig. 77 is a circuit diagram showing the 
construction of a fuse signal amplifying circuit for 
redundancy selection in the fifth preferred embodiment of 
the present invention; 

Fig, 78 is a circuit diagram showing the 
construction of a fuse signal generating circuit in the 
fifth preferred embodiment of the present invention; 

Fig. 79 is a circuit diagram showing the 
construction of a first fuse pre-decoder circuit in the 
fifth preferred embodiment of the present invention; 

Fig. 80 is a circuit diagram showing the 
construction of a second fuse pre-decoder circuit in the 
fifth preferred embodiment of the present invention; 
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Fig. 81 is a circuit diagram showing the 
construction of a fuse decoder circuit in the fifth 
preferred embodiment of the present invention; 
Fig, 82 is a circuit diagram showing the 
5 construction of a shift controlling circuit in the fifth 
preferred embodiment of the present invention; 

Fig. 83 is a diagram showing an example of a state 
of four row blocks existing in each memory cell block in 
the fifth preferred embodiment of the present invention; 
10 Fig. 84 is a circuit diagram showing the 

construction of a redundancy row block selecting circuit 
in the fifth preferred embodiment of the present 
inventions- 
Fig* 85 is a circuit diagram showing the 
15 construction of a row address logic circuit in the fifth 
preferred embodiment of the present: invention; 

Fig. 86 is a timing chart useful for explaining the 
operation of the row address logic circuit shown in Fig. 
85; 

20 Fig. 87 is a block diagram (No. I) showing an 

overall construction of a sixth preferred embodiment of 
the present invention; 

Fig, 88 is a block diagram (no. 2) showing the 
overall circuir construction of the sixth embodiment of 

25 the present invention; 

Fig, 8 9 is a circuit diagram showing the 
construction of a fuse circuit for redundancy selection 
in the sixth preferred embodiment of the present 
invention; 

30 Fig. 90 is a circuit diagram showing the 

construction of a fuse circuit for forced redundancy in 
the sixth preferred embodiment of the present invention; 

Fig, 91 is a circuit diagram showing the 
construction of a fuse circuit for normal selection in 
35 the sixth preferred embodiment of the present invention; 
Fig, 92 is a circuit diagram showing the 
construction of a shift control circuit in the sixth 
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preferred embodiment of the present invention; 

Fig* 9 3 is a circuit diagram showing the 
construction of a redundancy row block selecting circuit 
in the sixth preferred embodiment of the present 
5 invention; 

Fig. 94 is a circuit diagram showing the 
construction of a row address logic circuit in the sixth 
preferred embodiment of the present invention; 

Fig. 95 is a block diagram showing the construction 
10 of the basic principle which is deemed as the ground of a 
seventh preferred embodiment of the present invention; 

Fig. 96 is a schematic view showing the operation of 
a switch unit when any fault occurs in four selecting 
lines; 

15 Fig* 97 is a schematic view showing an example of 

the operation of the switch unit when any fault occurs in 
three selecting lines; 

Fig. 98 is a schematic view showing a second example 
of the operation of the switch unit when any fault occurs 
20 in the three selecting lines; 

Fig. 99 is a schematic view showing a first example 
of the operation of zhe switch unit when any fault occurs 
in two selecting lines; 

Fig, 100 is a schematic view showing a second 
25 example of the operation of the switch unit when any 
fault occurs in the two selecting lines; 

Fig. 101 is a schematic view showing a third example 
of the operation of the switch unit when any fault occurs 
in the second selecting lines; 
30 Fig. 102 is a schematic view showing a first example 

of the operation of the switch unit when any fault occurs 
in one selecting line; 

Fig. 10-3 is a schematic view showing a second 
example of the operation of the switch unit when any 
35 fault occurs in one selecting line; 

Fig. 104 is a schematic view showing the operation 
of the switch unit when no fault exists in the selecting 



lines ; 

Fig, 105 is a diagram showing a signal level at each 
portion by the operation of the switch unit when any 
fault occurs in the four selecting lines; 

Fig. 106 is a diagram showing a signal level at each 
portion by the operation of the switch unit when any 
fault occurs in the three selecting lines; 

Fig. 107 is a circuit diagram showing the 
construction of a fuse circuit for normal selection in 
the seventh preferred embodiment of the present 
invention; 

Fig, 108 is a circuit diagram showing the 
construction of a fuse circuit for redundancy selection 
in the seventh preferred embodiment; 

Fig, 109 is a circuit diagram showing the 
construction of a fuse circuit for forced redundancy in 
the seventh preferred embodiment of the present 
invention; 

Fig. 110 is a circuit diagram showing the 
constructions of first and second shift control circuits 
in the seventh preferred embodiment of the present 
invention; 

Fig, 111 is a circuit diagram showing the 
construction of a fxrst switch unit in the seventh 
preferred embodimenr of the present invention; 

Fig. 112 is a circuit diagram showing the 
construction of a second switch unit in the seventh 
preferred embodiment of the present invention; 

Fig. 113 is a block diagram (llo. 1) showing an 
overall circuit construction of the seventh preferred 
embodiment of the present invention; and 

Fig. 114 is a block diagram (No. 2) showing the 
overall circuit construction of the seventh preferred 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter / a basic embodiment as well as some 
preferred embodiments of the present invention will be 
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explained with reference to Figs- 2 to 114, 

Fig. 2 is a block diagram shoving the construction 
of a basic embodiment according to the basic principle of 
the present invention; Fig. 3 is a schematic view useful 
5 for explaining the basic principle of the present 

invention; Fig. 4 is a block diagram showing the basic 
concept of a shift redundancy circuit of the present 
invention; and Figs. 5a to 5c are diagrams showing a 
signal level of each portion. Incidentally, the same 

10 reference numeral will be used to identify a constituent 
element the same as that described already. 

A semiconductor memory device according to the basic 
embodiment of the present invention includes a decoder 
circuit 5 for decoding an address signal Add supplied 

15 from external, as shown in Fig. 2, The semiconductor 

memory device further includes a plurality of selecting 
lines slO to sl(n - 1) (where n is an arbitrary positive 
number of 2 or more than 2) for writing or reading data 
by selecting a specific meniory cell from among a 

20 plurality of r.emory cells on the basis of the address of 
a decode signal Sdec outputted from the decoder circuit 
5. Two redundancy selecting lines sljO and slji^ that 
are not connected to those decode signal lines to which 
the decode signal Sdec is transferred, when no fault 

25 exists in a plurality of selecting lines, are disposed at 
one, and the other, of the end portions of these 
selecting lines, respectively. 

In Fig. 2r the semicqnductor memory device includes 
a shift redundancy control circuit 1 for controlling the 

3 0 connection relationship between a plurality of selecting 
lines and the redundancy lines. The shift redundancy 
control circuit 1 includes in a switch unit 2 
(corresponding to a switch circuit of the present 
invention) including a plurality of switch devices for 

3S changeably connecting a plurality of decode signal lines 
to the selecting lines and to the redundancy selecting 
lines, and a shift redundancy fuse circuit unit 4 
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including a plurality of fuses disposed so as to 
correspond to a plurality of selecting lines and to the 
redundancy selecting lines, for cutting the fuse 
corresponding to the fault selecting line, in which any 
fault occurs, and also cutting the redundancy selecting 
fuse corresponding to the redundancy selecting line in 
which any fault occurs, when the fault occurs in a 
plurality of selecting lines. The signal outputted from 
the shift redundancy fuse circuit unit 4 is inputted to a 
shift redundancy control circuit unit 3. The signal 
outputted to this shift redundancy control circuit unit 3 
is used as a shift control signal for controlling the 
switch unit 2. 

The shift redundancy circuit 1 shown in Fig. 2 
includes further the shift redundancy control circuit 3, 
The shift redundancy fuse circuit unit 3 brings the fault 
selecting line to a non-selection state in which it is 
connected to none of the decode signal lines, in 
accordance with the output result from the shift 
redundancy fuse circuit unir 4, and controls the 
switching operation of a plurality of switch devices so 
that a plurality of decode signal lines can be shifted by 
one selecting line (that is, by one bit) in the direction 
of the first redundancy selecting line sljO positioned at 
one of the ends (for example, at the left end) among a 
plurality of selecting lines, or can be shifT:ed by one 
selecting line in the direction of the second redundancy 
selecting lines sljl positioned at the other end (for 
exainple, at the right end)* m other words, the 
semiconductor memory device shown in Fig. 1 is 
constituted in such a manner as to execute the shift 
operation of one bit or two bits in the direction of the 
first redundancy selecting lines, or in the direction of 
the second redundancy selecting lines, or in the 
directions of both of these lines. 

Preferably^ in rhe semiconductor memory device 
according to the basic embodiment of the present 
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invention, the output result from the shift redundancy 
fuse circuit unit 4 is outputted by a level of a DC 
voltage which represents whether or not the fuses 
corresponding to the fault selecting line and the 
5 redundancy selecting fuse are cut. 

Preferably, further, the shift redundancy control 
circuit unit 3 includes an nand gate (noncon junction 
gate), for outputting a shift control signal for shifting 
the selecting lines in any direction upon receiving the 
10 output result of the shift redundancy fuse circuit unit 

4, and an inverter for inverting the shift control signal 
from this NAND gate. 

Preferably, further, the shift redundancy control 
circuit unit 3 includes a NOR gate (nondisjunction gare), 
15 for outputting the shift control signal for shifting the 
selecting lines in any direction upon receiving the 
output result froin the shift redundancy fuse circuit 
unit, and an inverter for inverting the shift control 
signal from this NOR gate, 
2^ Preferably, fur-her, in the semiconductor memory 

device according to rhe basic embodiment of the present 
invention, each of a plurality of switch devices in the 
switch unit 2 is a three-directional switch device that 
can select a mode for executing the shift operation in 
25 the direction of the first redundancy selecting line sljO 
(that is, shift in the left direction), a mode for 
executing the shift operation in the direction of the 
second redundancy selecting line (that is, the shift in 
the right direction) and a mode for not executing the 
30 shift operation (that is, no shift). 

Preferably, further, each of a plurality of switch 
devices can select a non-selection mode in which the 
connection between the decode signal line and the fault 
selecting line is not established- 
^5 Preferably, further, in the semiconductor memory 

device according to the basic embodiment of the present 
invention, the shift redundancy fuse circuit unit 4 



1 ' c c 



- 30 ^ 

includes a fuse circuit for normal selection which is 
used during a normal operation, a fuse circuit for 
redundancy selection which is used at the time of 
redundancy selection, and a fuse circuit for forced 
redundancy that is used for forced redundancy. 

Preferably, further, in the semiconductor memory 
device according to the basic embodiment of the present 
invention, the shift redundancy fuse circuit unit 4 
includes a fuse circuit for forced redundancy which lets 
a fuse corresponding to a predetermined selecting line 
look as being apparently cut (i.e., a fuse corresponding 
to a predetermined selecting line which appears to be 
cut) at the time of forced redundancy, and confirms 
whether or not any fault exists in the redundancy 
selecting lines. 

Preferably, further, in the semiconductor memory 
device according to the basic embodiment of the present 
invention, the selecting line connected to the fuse 
circuit for forced redundancy is disposed at a position 
other than the position adjacent to the redundancy 
selecting line. 

On the other hand, the shift redundancy circuit 1 in 
the semiconductor mem.ory device shown in Fig. 2 includes 
a switch unit 2 that includes a plurality of switch 
devices for changeably connecting a plurality of decode 
signal lines to a plurality of selecting lines and to the 
redundancy selecting lines, and a shift redundancy fuse 
circuit unit 4 including a plurality fuses disposed so as 
to correspond to the selecting lines and to the 
redundancy selecting lines, respectively, for cutting the 
fuse corresponding to a fault selecting line, in which a 
fault occurs, and the redundancy selecting fuse 
corresponding to the redundancy selecting line when any 
fault occurs in one of the selecting lines. 

The shift redundancy circuit 1 includes further a 
shift redundancy control circuit unit 3 for controlling 
the switching operation of a plurality of switch devices 
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in accordance with the output result of the shift 
redundancy fuse circuit unit so that the fault selecting 
line is brought into the non-selection state in which it 
is not connected to any of the decode signal lines / and a 
5 plurality of decode signal lines can be shifted by one 
selecting line in the direction of the redundancy 
selecting line positioned at one of the ends among a 
plurality of the selecting lines. In other words, the 
semiconductor memory device can execute one-bit shift 

10 redundancy by executing the shift operation in the 

direction of the first redundancy selecting lines or in 
the direction of the second redundancy selecting lines. 

Preferably, further, the semiconductor memory device 
according to the basic embodiment of the present 

15 invention can detect whether or not the redundancy 

selecting lines are used by evaluating the output level 
of the shift redundancy fuse circuit unit 4 in a 
plurality of memory cell blocks, and by judging whether 
or not at least one of the fuses is cut. 

20 Preferably^ further ^ in the semiconductor memory 

device according to the basic embodiment of the present 
invention, periodicity of the memory cell block selected 
by one selecting line is brought into conformity with 
periodicity of the memory cells lest periodiciry of a 

25 plurality of memory cells changes (that is, lest the 
topology of the memory cell changes). 

Preferably, further^ in the semiconductor memory 
device according to the basic embodiment of the present 
invention, a plurality of the selecting lines and that of 

3 0 a plurality of fuses are laid out in the same pitch in 
the semiconductor chip. 

In the first preferred embodiment based on the basic 
embodiment of the invention described above, a 
semiconductor memory device having a plurality of 

35 selecting lines for writing or reading data by selecting 
a specific memory cell from among a plurality of memory 
cells on the basis of an address signal supplied from 
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external comprises a switch unit including a plurality of 
switch devices for changeably connecting at least one 
redundancy selecting line positioned at one of the ends 
of a plurality of the selecting lines, at least one 
second redundancy selecting line positioned at the other 
end and a plurality of decode signal lines for decoding 
the address signal to a plurality of selecting lines and 
to the redundancy selecting lines; a fuse decoder circuit 
for generating a fuse decode signal by designating the 
address of a fuse corresponding to a fault selecting 
line, in which a fault occurs, when the fault occurs in a 
plurality of selecting lines; and a shift redundancy 
control circuit unit for controlling a plurality of 
switch devices so as to execute a first switch operation 
which shifts at least one of the decode signal lines in 
the direction of the first redundancy selecting lines or 
a second switch operation which shifts at least one of 
the decode signal lines in the direction of the second 
redundancy selecting lines or both switch operations in 
accordance with the fuse decode signal from the fuse 
decoder circuit. 

Preferably, when the faults occur in two selecting 
lines among a plurality of selecting lines, the fuse 
decoder circuit generates the fuse decode signal by 
designating the addresses of the fuses ' corresponding to 
the two fault selecting lines, and the shift redundancy 
control circuit unit controls a plurality of switch 
devices so that both of the first and second switch 
operations can be executed. 

In the first preferred embodiment described above, 
designation of the address of the fuse corresponding to 
each fault selecting line by the fuse decoder circuit is 
effected by the combination of a smaller number of fuses 
than the total number of a plurality of selecting lines. 

In the first preferred embodiment described above, 
the fuse decoder circuit includes two fuse decoder units 
for decoding the signals generated by the combinations of 
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a plurality of different fuses, respectively. 

When a fault occurs in one of a plurality of 
selecting lines in the second preferred embodiment based 
on the basic embodiment of the present invention, the 
5 fuse decoder circuit described above designates the fuse 
corresponding to one fault selecting line^ in which the 
fault occurs, and generates the fuse decode signal, and 
the shift redundancy control circuit unit controls a 
plurality of switch devices in such a manner as to 
10 execute either one of the first and second switch 
operations . 

In the second preferred embodiment described above, 
designation of the address of the fuse corresponding ro 
the fault selecting line by the fuss decoder circuit is 

15 effected by the comb in a-t ion of a smaller number of fuses 
than the total number of selecting lines* 

In the second preferred embodiment described above, 
the fuse decoder circuit described above includes two 
fuse decoder units for decoding the signals generated by 

20 different combinations of a plurality of fuses ; 
respectively . 

In the third preferred embodiment based on the basic 
emJ^odiment of the present invention, a semiconductor 
memory device having a plurality of selecting lines for 

2 5 writing or reading data by selecting a specific memory 
cell, from among a plurality of memory cells that are 
disposed in each of a plurality of cell arrays, on the 
basis of the address signal supplied from external 
comprises at least one first redundancy selecting line 

30 positioned at one of the ends among a plurality of 
selecting lines and at least one second redundancy 
selecting line positioned at the other end; a switch unit 
including a plurality of switch devices for changeably 
connecting a plurality of decode signal lines decoding 

35 the address signal to a plurality of selecting lines and 
to the redundancy selecting lines; a fuse decoder circuit 
for designating the address of a fuse corresponding to a 



i 9 



- 34 - 

fault selecting line/ in which a fault occurs, and 
generating a fuse decode signal on the basis of the 
combination of a smaller number of fuses than the total 
number of the selecting lines when any fault occurs in a 
5 plurality of selecting lines; and a shift redundancy 
control circuit unit for controlling a plurality of 
switch devices so that a first switch operation for 
shifting at least one of the decode signal lines in the 
direction of the first redundancy selecting lines or a 

10 second switch operation for shifting at least one of the 
decode signal line in the direction of the second 
redundancy selecting line^ or both of the first and 
second switching operations, can be executed in 
accordance with the fuse decode signal from the fuse 

15 decoder circuit; wherein the shift redundancy fuse 

circuit unit having a plurality of fuses is shared in 
coinirion by adjacent cell arrays. 

In the third preferred embodiment described above ^ 
the shift redundancy fuse circuit unit includes a normal 

20 selection fuse circuit used for a normal operation, a 
redundancy selection fuse circuit used for redundancy 
selection and a forced redundancy fuse circuit used for 
forced redundancy, and the normal selection fuss circuit 
and the forced redundancy fuse circuit are shared by the 

25 adjacent cell arrays. 

In the third preferred embodiment described above, 
the redundancy selection fuse circuits are provided, 
independently, to the adjacent cell arrays. 

The third preferred embodiment described above can 

30 execute, for a plurality of selecting lines of either one 
of the adjacent cell arrays, the first switch operation 
or the second switch operation or both of the first and 
second switch operations, or can execute, for both of 
adjacent cell arrays, the first switch operation or the 

3 5 second switch operation or both of the first and second 
switch operations • 

In a fourth preferred embodiment based on the basic 
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embodiment of the present invention, a semiconductor 
memory device including a plurality of column selecting 
lines for writing or reading data by selecting a specific 
memory cell, from among a plurality of memory cells 
5 constituting a plurality of memory cell blocks on the 
basis of the address signal supplied from external 
comprises the memory cell blocks each being divided into 
a plurality of row blocks, and includes, for each of 
these memory cell blocks^ at least one first redundancy 

10 selecting line positioned at one of the ends of a 

plurality of column selecting lines and at least one 
second redundancy selecting line positioned at the other 
end; a switch unit including a plurality of switch 
devices for changeably connecting a plurality of decode 

15 signal lines decoding the address signal to a plurality 

of column selecting lines and to the redundancy selecting 
lines; a shift redundancy fuse circuit unic including a 
smaller number of fuses than the total number of a 
plurality of column selecting lines and a plurality of 

20 redundancy selecting fuses disposed so as to correspond 

to the redundancy selecting lines; a fuse decoder circuit 
for designating the address of a fuse corresponding to a 
fault selecting line, in which a fault occurs, when any 
fault occurs in the selecting lines, and generating a 

25 fuse decode signal on the basis the combination of a 
plurality of fuses; and a shift: redundancy control 
circuit unir for controlling a plurality of switch 
devices so that a first switch operation for shifting at 
least one of the decode signal line in the direction of 

30 the first redundancy selecting line or a second switch 

operation for shifting at least one of the decode signal 
lines in the direction of the second redundancy selecting 
line or both of the first and second switch operations^ 
can be executed in accordance with the fuse decode signal 

35 from the fuse decoder circuit; wherein the first switch 
operation or the second switch operation or both of the 
first and second switch operations are executed 
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independently for each of a plurality of row blocks, or 
both of the first and second switch operations are not 
executed independently for each of the row blocks. 

Preferably, the fuse decode signal from the fuse 
5 decoder circuit is generated on the basis of the logic 
address described above. 

In a fifth preferred embodiment based on the basic 
embodiment of the present invention, a semiconductor 
memory device including a plurality of column selecting 

10 lines for writing or reading data by selecting a specific 
memory cell, from among a plurality of memory cells 
constituting a plurality of memory cell blocks on the 
basis of an address signal supplied from external 
comprises the memory cell blocks each being divided into 

15 a plurality of column blocks, and includes, for each of 
these memory cell blocks, at least one first redundancy 
selecting line positioned at one of the ends among a 
plurality of column selecting lines and at least one 
second redundancy selecting line positioned at the other 

20 end; a switch unit including a plurality of switch 

devices for changeably connecting a plurality of decode 
signal lines decoding the address signal to a plurality 
of column selecting lines and to the redundancy selecting 
lines; and a shift redundancy fuse circuit uni- including 

25 a plurality of fuses disposed so as to correspond to a 

plurality of column selecting lines and to the redundancy 
selecting lines, for cutting the fuse corresponding to a 
fault selecting line in which a fault occurs, when any 
fault occurs among a plurality of column selecting lines, 

30 and the redundancy selecting fuse corresponding to the 
redundancy selecting line; wherein a first switch 
operation for shifting at least one of the decode signal 
lines in the direction of the first redundancy selecting 
line or a second switch operation for shifting at least 

35 one of the decode signal lines in the direction of the 

second redundancy selecting line or both of the first and 
second switch operations are executed in accordance with 
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the output result from the shift redundancy fuse circuit 
unit, or the first switch operation or the second switch 
operation or none of the first and second switch 
operation are executed independently for each of a 
5 plurality of row blocks on the basis of the logical 
addresses of a plurality of row blocks. 

Preferably, the output result from the shift 
redundancy fuse circuit unit is generated on the basis of 
the logical address described above, 

10 Next, the two-bit shift redundancy operation of the 

present invention will be explained with reference to the 
schematic view of Fig. 3. In Fig. 3, symbols cljO and 
cljl represent redundancy selecting lines (for example, 
column selecting lines for redundancy selection) that are 

15 used at the time of the shift redundancy operation, and 
symbols clO to cl63 represent selecting line for normal 
operation (for example, column selecting lines) that are 
used for a normal operation. These selecting lines are 
connected to decode signal lines dO to d3 decoding the 

20 address signals suppl^ied from outside the semiconductor 
chip through a plurality of switch devices in the 
semiconductor chip. Before the shift redundancy process 
is executed or when no fault exists in the selecting 
lines, the selecting lines are controlled by the switch 

25 devices so that the connection can be established between 
cll and dl, clO and dC , cl62 and d62, and cl63 and 

d63. The case in which the selecting line cl# and the 
decode signal line d# (#; 0 to 63) is connected is called 
"NS" (No Shift) . 

30 The schematic view of Fig, 3 explains the case in 

which faults exist in two selecting lines cl2 and cll57 
and shift redundancy is executed for these faults. The 
decode signal lines do, dl and d2 are connected to the 
redundancy selecting line cljO, the selecting line clO 

35 and selecting line cll (SL (Shift Left)), respectively. 

The selyctiug liiiehi cl2 and cl57 are connected to none of 
the decode signal lines and are always under the non- 
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selection state. The selecting lines cl3 to cl56 are 
under the NS state, and the selecting lines cl58 to cl63 
and the redundancy selecting line cljl are connected to 
the decode signal lines d57 to d63 (RS (Shift Right)), 
5 respectively. 

The basic concept of the shift redundancy switch 
circuit equipped with the two-bit shift redundancy 
function according to the present invention will be 
explained with reference to Figs. 4 and 5a to 5c. In 

10 Fig. 4, symbols fjO, fjl and fO to f63 represent the fuse 
circuits inside the shift redundancy fuse circuit unit 4. 
The fuse circuits fO to f63 for the normal selection 
output a low voltage level ("L" level) when the fuse is 
cut and a high voltage level ("H" level) when the fuse is 

15 not cut. On the other hand, the redundancy selecting 

fuse circuits fjO outpu-^ the "H" level when the fuse is 
cut and the "L" level when the fuse is not, on the 
contrary. The fuses of each fuse circuit and a plurality 
of selecting lines are disposed in the same pitch (for 

2 0 example, 3,2 iim) on the semiconductor chip and correspond 
to one another on the i:i basis* 

The shif:: redundancy control circuit unit 3 is the 
circuit for controlling each of the switch devices of the 
switch unit 2 upon receiving the output result from these 

25 fuse circuits. The shift control circuit connected to 
each fuse circuit comprises a NAND gate 3-1, 3-3 and an 
inverter 3-2, 3-4 that are connected as shown in Fig* 4* 
in this case, a NOR gate can be used in place of the NAND 
gate 3-1 and 3-3 (as will be described later in detail), 

30 Here^ a plurality of shift control circuits in the shift 
redundancy control circuit unit 3 are connected in series 
as shown in Fig. 4 by connecting one of the input signals 
uin and one of the output signals uout, and connecting 
the other input signal lin and the other output signal 

35 lout, respectively. The input signals uin and lin of the 
shift control circuits positioned at one^ and the other, 
of the ends of the shift redundancy control circuit unit 
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3 are connected to the power sources on the high voltage 
side^ respectively, and the voirage of the '*H" level is 
inputted to them. 

The switch operation of each switch device in the 
5 switch unit 2 is controlled by the combination of the '*H" 
level and the "L" level of the output signals uout and 
lout outputted from the shift redundancy control circuit 
unit 3* When the fuse is not cut (refer to the default 
state shown in Fig, 5a), the output level of all the 

10 output signals uout and lout is at the "L" level. At 

this time, the outputs of the fuse circuits corresponding 
to the selecting lines other than the redundancy 
selecting lines are at the "H" level and the outputs of 
the fuse circuits corresponding to the redundancy 

15 selecting lines are at the "L" level. In this case, the 
shift redundancy operation is judged as not being 
executed (that is, NS (No Shift)). 

If the fuse fl and the redundancy selecting fuse fjO 
are cut hereby (that is, when any fault exists in the 

20 selecting line cll and the redundancy selecting line cljO 
is used)/ for example, the decode signal lines dO and dl 
are connected to the redundancy selecting line cljO and 
the selecting line clO, respectively (that is, shift left 
(SL)), as is obvious from the state of the selecting 

25 lines due to one-bit shift redundancy shown in Fig. 5b. 

The state becomes N5 (no shift) in other cases. At this 
time, only the output signal uout, at the position at 
which the signals from the fuse fO and the redundancy 
selecting fuse fjO are inputted, is at the "H" level, and 

30 the outpur signals at the other positions are all at the 
"L'* level. Therefore, the state of the output signal 
lout = "L" is judged as the shift left SL by the output 
signal uout = "H"* Further, the output of the fuse 
circuit (fuse fO) corresponding to the selecting line clO 

35 remains at the "K" level in the shift redundancy fuse 
circuit 4 at this time, but the output of the fuse 
circuit (fuse f jO for the cut fuse for the redundancy 
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selection) corresponding to the redundancy selecting line 
cljO changes to the "L" level. 

The shift redundancy control circuit unit 3 executes 
the switch control of the corresponding switch devices in 
5 the switch unit 1 so as to establish the non-selection 
state in which none of the decode signal lines are 
connected to the selecting line cll in which the fault 
exists. At this time, the output signal uout at the 
position at which the signal from the fuse fl 

10 corresponding to the selecting line cll is inputted is at 
the "L'* level and the output signal lout is at the "L" 
level in the shift redundancy control circuit unit 3. 
Further, the output of the fuse circuit (cut fuse fl) 
corresponding to the selecting line cll having the fault 

15 is at the "L" level at this time. 

Similarly/ when the fuses of the fuse circuits f jO 
and f jl for redundancy selection and the fuses of the 
fuse circuits fl and f61 for normal selection are cut, 
the decode signal lines dO and dl are connected to the 

20 redundancy selecting line cljO and to the selecting line 
clO, respectively (Shift Left: SL), the decode signal 
lines d2 to d60 are connected to the selecting lines cl2 
to cl60 (No Shift: NS), respectively, and the deqode 
signal lines d61, dSl and d63 are connected to the 

25 selecting lines cl62 and cl63 and to the redundancy 

selecting line cljl (Shift Right; SR), respectively. As 
to the output signals uout and lout at this time, the 
state of the output signal lout = "H" with the output 
signal uout ^ "L" may be judged as the Shift Right SK, as 

3 0 is obvious from the state of the selecting lines by the 

two-bit shift redundancy shown in Fig. 5c. At this time, 
further^ the outputs of the fuse circuits corresponding 
to the selecting lines clO, cl62 and cl63 in the shift 
redundancy fuse circuit 4 remain at the "H" level, but 

35 the outputs of the fuse circuits (the redundancy 

selecting fuses fjO and Ijl that are cut) corresponding 
to the redundancy selecting lines cljO and cljl change to 
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the "*L" level. 

Further, the shift redundancy control circuit unit 3 
executes the switch control of the corresponding switch 
devices in the switch unit 1 so as to establish the non- 
5 selection statie in which no decode signal line is 

connected, for the fault selecting lines cll and cl6l. 
The output signals uout at the positions inside the shift 
redundancy control circuit unit 3 at which the signals 
from the fuses fl and f61 corresponding to the selecting 

10 lines cll and cl61 are inputted are at the "L" level and 
the output signal lout is "L'** The outputs of the fuse 
circuits (cut fuses fl and fSl) corresponding to the 
fault selecting lines cli and cl61 in the shift 
redundancy fuse circuit 4 are at the "L" level at this 

15 time. 

In summary f the basic embodiment of the present 
invention can relieve the fault selecting lines rhrough 
two-bit shift redundancy when at least two fault 
selecting lines exis^ due to short circuit between the 

2 0 selecting lines , etc., by shifting the decode signal 

lines in the direction of one of the redundancy selecting 
lines and in the direction of the other of the redundancy 
selecting lines. 

On the other hand, when one fault selecting line 

25 develops, the basic embodiment of the present invention 
can relieve the fault selecting line through one-bit 
shift redundancy by shifting the decode signal lines in 
either one of the directions of two redundancy selecting 
lines in the same way as in the conventional shift 

30 redundancy system. 

According to the basic embodiment of the present 
invention, further^ the fuse circuit for normal selection 
and the fuse circuit for forced redundancy are shared by 
the two cell arrays adjacent to each other inside the 

35 semiconductor chip, and the fuse circuit for redundancy 
selection is independently disposed in such a manner as 
to correspond tio each cell array so that two-bit or one- 
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bit shift redundancy can be executed for the total number 
of the selecting lines of the two adjacent cell arrays* 

When shift redundancy is executed for the column 
selecting lines disposed for a plurality of row blocks, 
5 the logic of the address of the row block is incorporated 
into the address of the column selecting line as the 
object of the shift redundancy so that the column 
selecting lines driven for a plurality of row blocks can 
receive the logic of the address of the corresponding row 
10 block and redundancy can be executed in the row block 
unit. 

Because the basic embodiment of the present 
invention can execute both one-bit shift: redundancy and 
two-bit shift redundancy, it can accomplish low power 

15 consumption and high-speed access, and can efficiently 
relieve the fault on the semiconductor chip. 
Furthermore, the basic embodiment can relatively increase 
the degree of freedom of redundancy by causing the two 
adjacent cell arrays to share the fuse circuit for normal 

20 selection and the fuse circuit for forced redundancy, or 
by executing redundancy in the row block unit by 
incorporating the logic of the address of the row blocks* 
Fig, 6 is a circuit diagram showing the construction 
of a selecting line drive circuit in the first preferred 

25 embodiment of the present invention. This selecting line 
drive circuit includes circuit elements corresponding to 
the switch devices in the switch unit 2 in Fig. 2, and 
has also the function of driving the selecting lines and 
supplying a predetermined output voltage when the load of 

30 the selecting lines becomes great. 

In Fig. 6, the output signal lout in each shift 
control circuit of the shift redundancy control circuit 
unit is inputted to scu, and the output signal lout of 
each shift control circuit is inputted to scl. Symbol 

35 cfs represents the output signal of the fuse circuit 

(which corresponds on the 1:1 basis to the output signal 
cfs2 of the fuse circuit to be later described with 
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reference to Fig. 9)^ and symbols pcllr pclm and pclr 
correspond to the decode signals from the decode signal 
lines d(#-i)/ d# and d{# + 1), respectively. Symbol 
clzOOO represents an arbitrary one of the selecting lines 
5 (for example/ a column selecting line) and Vclz is equal 
to the power source voltage Vii (internal voltage) of the 
power source on the high voltage side. Symbol vss 
represents the power source voltage of the power source 
on the low voltage side, that is^ the ground potential, 

10 The selecting line drive circuit shown in Fig. 6 

includes a three-directional switch device comprising a 
NOR gate (nondisjunction gate) using the signal obtained 
by inverting the output signal cfs of the fuse circuit by 
the inverter 10 and one and the other of the output 

15 signals uout and lout of the shift control circuit, as 
three input signals thereof, three inverters 12, 14 and 
16 and three transfer gates 13, 15 and 17, a P channel 
transistor 18 and an output driver (or selecting line 
drive circuit unic) 19 comprising a P channel transistor 

20 and an N channel transistor. 

The explanation will be given in further detail. 
When the output signals uout and lout of the shift 
control circuit are both at the "L" level and the ^ output 
signal cfs of the fuse circuit is at the "H'* level, the 

25 mode for not executing the shift redundancy operation is 
selected and the second transfer gate 15 is turned ON. 
When the output signals uout and lout of the shift 
control circuit are at the "H" level and the "L" level, 
respectively, and when the output signal cfs of the fuse 

30 circuit is at the "H" level, a mode for executing the 

shift redundancy operation in one direction is selected 
and the first transfer gate 13 is turned ON. When the 
output signals uout and lout of the shift control circuit 
are at the "L" level and the "H" level, respectively, and 

35 when the output signal cfs of the fuse circuit is at the 
"H" level, a mode for executing the shift redundancy 
operation in the other direction is selected and the 



99-L 



^ 44 - 

third transfer gate 17 is turned ON* 

Here, the path from the decode signal lines d(# - 
I) r d# and d{# + 1), through which rhe decode signals 
pell, pclm and pclr are transferred, respectively, to the 
5 selecting line clzOOO affects the access time of the 

semiconductor chip, but the circuit devices associated 
with the shift redundancy operation are only the first 
stage transfer gates 13, 15 and 17. Therefore, it can be 
appreciated that excellent high-speed access can be made. 

10 On the other hand, when the output signals uout and 

lout of the shift control circuit are both at the "L" 
level and the output signal cfs of the fuse circuit is at 
the "L" level, all of the three transfer gates 13, 15 and 
17 are turned OFF. The ? channel transistor 18 is turned 

15 ON at this time and the voltage of the "H" level is 
inputted to an output driver 19, Since this output 
driver 19 has an inverter construction, the output 
voltage of the ourput driver 19 changes to the "L'' level. 
In other words, when the selecting line connected to this 

20 output driver 19 is a fault selecting line, this fault 

selecting line can be always kept under the non-selection 
state , 

Fig. 7 is a circuit diagram showing the cons.truction 
of the shift control circuit in the first preferred 

25 embodiment of the present invention. The shift control 
circuit in Fig. 7 corresponds to each shift control 
circuit inside the shift redundancy control circuit unit 
3 shown in rig. 2. 

In Fig. 7, symbol uout represents one of the output 

30 signals in each shift control circuit of the shift 
redundancy control circuit unit, and symbol lout 
represents the other output signal in each shift control 
circuit. Symbol cfs represents the output signal of the 
fuse circuit, which corresponds on the 1:1 basis to the 

35 output signal cfsz of the fuse circuit which will be 
described later with reference to Fig. 9. The shift 
control circuit is the one that controls each switch 
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device upon receiving the output result of each fuse 
circuit, and comprises NAND gates 30 and 32 and inverters 
31 and 32 that are connected as shown in Fig- 7. A shift 
redundancy control circuit unit comprising a plurality of 
5 shift control circuits connected in series can be 

constituted by connecting one of the input signals uin 
and one of the output signals ucut, and connecting the 
other of the input signals lin and the other of the 
output signals lout^ as shown in Fig. 4. 
10 Fig* 8 is a circuit diagram showing the construction 

of the decoder circuit in the first preferred embodiment 
of the present invention. The decoder circuit shown in 
Fig. 8 is the one that outputs the decode signals pclOOOz 
to pcIOOTz (that is, corresponding to d# in Fig. 3). In 
15 the drawing, symbols caa^z, cab-rz and cac#2 represent 
p£-e-decQde signals of the selected addresses (that is, 
corresponding to the address signals Add in Fig. 2). 

The first pre-decode signals caaOz to caaTz are 
supplied to inverters 64 to 67 and inverters 50 to 53 
20 each comprising a P channel transistor and an N channel 
transistor. The second pre-decode signal cabOz inputted 
to the gate of the N channel transistor 62 is supplied to 
the gate of each P channel transistor 68, 70, 72. and 74, 
and 54, 56, 58 and 60, The third pre-decode signal 
25 inputted to the gate of the N channel transistor 63 is 

supplied to the gate of each p channel transistor 69, 71, 
73 and 75, and 55, 57, 59 and 61. 

Fig. 9 is a circuit diagram showing the construction 
of the fuse circuit for normal selection in the first 
30 preferred embodiment of the present invention. The fuse 
circuits for normal selection shown in Fig. 9 (with the 
exception of the fuse circuits for selecting lines which 
are subjected to redundancy at the time of forced 
redundancy) correspond to the fuse circuits that are used 
35 for the selecting lines clO, cl2 to cl61 and cl63 inside 
the shift redundancy fuse circuit unit 4 shown in Fig. 2. 
In Fig. 9, symbol sttx represents a control signal 
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which remains at the "H" level until the power source 
becomes operative after the power source is switched on 
and changes to the "L" level after the power source 
becomes operative, and symbol cfsz represents the output 
5 signal of the fuse circuit. The fuse circuit shown in 
Fig. 9 includes a P channel transistor 41 and an N 
channel transistor 42 to which the control signal sttx is 
inputted, an N channel transistor 44 and two inverters 43 
and 45, When the fuse 40 is not cut^ the output signal 
10 cfsz of the fuse circuit reaches the ''H" level after the 
power source becomes operative • When the fuse 40 is cut, 
the output signal sfss of the fuse circuit falls to the 
"L" level. 

Fig* 10 is a circuit diagram showing the 

15 construction of the fuse circuit for redundancy selection 
in the first preferred embodiment of the present 
invention. The fuse circuit for redundancy selection 
shown in Fig. 10 corresponds to the fuse circuit for 
redundancy selection used for the redundancy selecting 

20 lines cljO and cljl in the shift redundancy fuse circuit 
unit 4 shown in Fig. 2. 

In Fig. 10, symbol ftpz represents the control 
signal which attains the "H" level when forced redundancy 
is executed. The fuse circuit for redundancy selection 

25 shown in Fig. 10 includes a P channel transistor 41r and 
an N channel transistor 43r to which the control signal 
sztx is inputted, a P channel transistor 42r and an N 
channel transistor 44r to which the control signal ftps 
is inputted, an N channel transistor 4 5r and an inverter 

30 46r, When the fuse 4Qr is not cut and forced redundancy 
is not executed (when control signal ftpz = "L'*)^ the 
output signal cfsjz of the fuse circuit for redundancy 
selection changes to the "L" level, when the fuse 40r is 
cut in practice, on the other hand, the output signal 

35 cfsjz of the fuse circuit for redundancy selection rises 
to the '*H" level. 

In Fig, 10, furrher, when the fuse 40r is not cut 
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and forced redundancy is executed (control signal ftpz = 
"H")^ the P channel transistor 42r is turned OFF while 
the N channel transistor 44r is turned ON, so that the 
node n03 falls to the "L" level. In consequence^ the 
5 output signal cfsjz of the fuse circuit for redundancy 

selection rises to the '^H'^ level. In this case^ the fuse 
40r is apparently cut, and whether or not any fault 
exists in the redundancy selecting lines can be confirmed 
by executing the forced redundancy operation with a fuse 
10 circuit for forced redundancy shown in later-appearing 
Fig. li* 

In both of the fuse circuit for normal selection in 
Fig> 9 and the fuse circuit for redundancy selection in 
Fig. 10, the fuse of the fuse circuit: corresponding to 

15 the selecting lines as the object of redundancy and the 
fuse of the fuse circuit for redundancy selection 
corresponding to the redundancy selecting lines are cut. 

Fig. 11 is a circuit diagram showing the 
construction of the fuse circuit for forced redundancy 

20 selection in the first embodiment of the present 

invention. This circuit corresponds to the fuse circuit 
for forced redundancy used for the forced redundancy 
selecting lines cll and cl62 in the shift redundancy fuse 
circuit unit 4 m Fig. 1. 

25 In Fig. 11, symbol ftpz represents the control 

signal which rises to the "K" level when the forced 
redundancy operation is executed. The fuse circuit for 
forced redundancy shown in Fig. 11 includes a ? channel 
transistor 4 If and an N channel transistor 43f;- to which 

30 the control signal sttx is inputted, a P channel 

transistor 42f and an N channel transistor 44f, to which 
the control signal ftps is inputted, an N channel 
transistor 45f and two inverters 46f and 47f. when the 
fuse 40f is caused to look as being apparently cut at the 

35 time of forced redundancy, the output signal cfsjz of the 
forced redundancy fuse circuit falls to the "L" level. 
Before the fuse corresponding to the selecting line as 



the object: of shift redundancy is cut under this state, 
it is possible to confirm whether or net any fault exists 
in the redundancy selecting lines. 

The explanation will be given in further detail. 
When the forced redundancy operation is executed, the "H" 
level control signal ftpz is inputted to the gate of each 
of the P channel transistor 42f and the N channel 
transistor 44f. In this way, the P channel transistor 
42f is turned OFF, the N channel transistor 44f is turned 
ON, and the input level of the inverter 46f falls to the 
"L" level. As a result, the output level of the inverter 
47f changes to the "Z" level, and the output signal cfsjz 
of the "L" level is generated. 

When the forced redundancy operation is not executed 
(control signal ftpz = "L"), on the other hand; the ? 
channel transistor 42f is turned ON, the N channel 
transistor 44f is turned OFF and the input level of the 
inverter 4€f rises to the "H" level* As a result, the 
output level of the inverter 47f rises to the "H" level, 
and the output signal cf the "H" level is generated. 
Further, when the fuse 40f is cut actually, the N channel 
transistor 45f is turned OFF and the input level of the 
inverter 46f falls to the "L" level. As a result, the 
output level of the inverter 47f falls to the "L'^ level 
and the output signal cfsjz of the "L" level is 
generated. 

Figs, 12 to 17 are circuit diagrams Nos, 1 to 6 
showing the connection among the circuits in the first 
preferred embodiment of the present invention, 
respectively* Here, the drawings show a semiconductor 
memory device (parenr circuit) having sixty-four 
selecting lines clz(l) to clz{64} and two redundancy 
selecting lines cljz(O) and clj2(l) is formed by 
connecting mutually a plurality of children circuits 
including the selecting line drive circuit shown in Fig. 
6, the shift control circuit shown in Fig* 7, the fuse 
circuit for normal selection shown in Fig. 9, the fuse 



circuit for redundancy selection shown in Fig. 10 and the 
fuse circuit for forced redundancy selection shown in 
Fig. 11. 

Figs. 12 and 13 show the left end portion of such a 
parent circuit, Figs. 14 and 15 show the center portion 
of the parent circuit and Figs. 16 and 17 show the right 
end portion of the parent circuit. In Figs. 12 to 17, a 
plurality of fuse circuits including the fuse circuit for 
forced redundancy selection (for example, first fuse 
circuit 60-1 to S4-th fuse circuit 60-64) are connected 
to a plurality of shift control circuits (for example, 
first shift control circuit 70-1 to 64-th shift control 
circuit 70^64), respectively. Further, these shift 
control circuits are connected to a plurality of 
selecting line drive circuits (for example, first 
selecting line drive circuit 80-1 to 64-th selecting line 
drive circuit 80-S4). The decode signal lines of the 
decoder circuit shown in Fig. S are connected to a 
plurality of selecting line drive circuits, and the 
decode signals pclOOOz to pGl063z outputted from the 
decoder circuit are inputted to a plurality of selecting 
circuits (to the decode signal pclm in each selecting 
line drive circuit), respectively. Incidentally r. each or 
these selecting line drive circuits includes the circuit 
element corresponding to each switch element in the 
switch unit 2 (see Fig. 2). 

In Fig. 12, further, the fuse circuit 60rl for 
redundancy selection positioned at the extreme left is 
connected to the shift control circuit 70rl for 
redundancy selection, and this shift control circuit 70rl 
for redundancy selection is connected to the redundancy 
selecting line drive circuit SOrl. in Fig- 17, on the 
other hand, the fuse circuit 60r2 for redundancy 
selection positioned on the extreme right is connected to 
the shift control circuit 70r2 for redundancy selection, 
and this shift control circuit 70r2 for redundancy 
selection is connected to the redundancy selecting line 



drive circuit 80r2. 

It can be seen from Figs. 12 to 17 that the forced 
redundancy selecting lines as the object of forced 
redundancy when the forced redundancy system is executed 
are cl2(l) and cl2(62)* It is necessary to test whether 
or not any fault exists in the redundancy selecting lines 
when the shift redundancy operation is executed- The 
redundancy selecting lines can be selected electrically 
without cutting the fuses at this time by executing the 
forced redundancy system, but there is the case in which 
a disturb test is carried out for the redundancy 
selecting lines, that is, the case in which the 
influences when the adjacent selecting lines are 
repeatedly selected are tested. In such a case, if the 
selecting lines adjacent to the redundancy selecting line 
are selected as the object of forced redundancy, the test 
cannot be conducted; and other selecting lines must be 
selected as the object of forced redundancy 

Therefore, the first preferred embodiment of the 
present invention uses the first adjacent selecting lines 
cl2(l) and clz{62) apart from the redundancy selecting 
line by one line as the object of the forced redundancy* 
Quite naturally, other selecting lines cl2(2) to cl2{61) 
are also the possible object, but it is advantageous from 
the circuit layout to dispose the selecting lines at 
positions close to the redundancy selecting lines having 
a somewhat different circuit construction of the fuse 
circuit because the fuse circuit for forced redundancy 
selection is different from the fuse circuit for normal 
selection (see Fig. 9). 

Preferably, in the first preferred embodiment of the 
present invention, periodicity of the memory cell blocks 
selected by one selecting line is brought into conformity 
with periodicity of the memory cells lest periodicity of 
the memory cells of the semiconductor chip changes {that 
is, lest topology of the memory cells changes). 

Fig. IS is a diagram showing the circuit layout of 
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the shift control circuit in the first preferred 
embodiment of the present invention, and Fig. 19 is a 
diagram showing the circuit layout of the fuse circuit in 
the first preferred embodiment. These drawings show in 
5 enlargement a part of the schematic circuit pattern when 
the shift control circuit and the fuse circuit in the 
first preferred embodiment are formed on the 
semiconductor chip. 

in the circuit patterns shown in Figs. 18 and 19, a 

10 polysilicon pattern for the first layer N channel 

transistor (hereby abbreviated as the ''n-CH polysilicon 
pattern") 200, a polysilicon pattern for the first layer 
P channel transistor (hereby abbreviated as the "p-CH 
polysilicon pattern") 210, a polysilicon pattern 220 of 

15 the second layer, a metal wiring pattern 300 of the first 
layer formed of aluminum (Al), etc., and a metal wiring 
pattern 310 of the second layer formed likewise of 
aluminum, etc., are formed- The N channel transistor (n- 
CH transistor) 230 is formed using the first layer n-CH 

20 polysilicon pattern and the P channel transistor (p-CH 
transistor) 240 is formed using the second layer p-CH 
polysilicon patiiern. On the other hand, connection of 
the patterns of different layers is done through, a large 
number of through holes 245. 

25 In Fig. 19, a pattern of column selecting lines for 

constituting a plurality of column selecting lines and a 
plurality of fuses 400 are depicted with the same pitch, 
and the fuses and the column selecting line pattern 
correspond to each other on the 1:1 basis. Therefore, the 

3 0 selecting line subjected to the shift redundancy process 
can be grasped at sight. On the other hand, once the 
electrical state is determined by cutting the fuse, the 
shift control circuit has the function of only keeping 
this state (DC level), and speed-up of the signal 

35 processing is not at all required, in the circuit 

patterns shown in Figs. 18 and 19, therefore, the metal 
wiring having a low resistance such as the second layer 
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metal wiring pattern 310 need not be used for 
transferring the control signal for the shift redundancy 
processing. Therefore, other wiring patterns used for 
tne shift redundancy processing can be disposed 
5 efficiently in the regions below the second layer metal 
wiring pattern 310, and the occupying area of the 
circuits on the semiconductor chip can be reduced. 

Fig. 20 is a circuir diagram showing the 
construction of the selecting line drive circuit m the 
10 second preferred embodiment of the present invention. 

This selecting line drive circuit includes the circuit 
elements corresponding to the switch devices inside the 
switch unit 2 shown in Fig. 2, and has the function of 
supplying a predetermined output voltage by driving the 
15 selecting line when the load of the selecting line 
becomes great. 

In Fig. 20/ the output signals having the levels 
obtained by inverting the output signals uout and lout in 
each shift control circuit (which will be described later 
20 in Fig- 21) cf the shift redundancy control circuit unit 
are inputted to scu and scl. Symbol cfsx represents the 
output signal of the fuse circuit, and symbols pmwll^ 
pmwlm and pmvlr correspond to the decode signals from the 
decode signal lines d(# - 1), d# and d(jf 1), 
2 5 respectively. Symbol mwlOOx represents an arbitrary one 
cf the selecting lines (such as a main word selecting 
line), and this line enters the selection state at the 
"L" level, contrary to the case of ^he first embodiment. 
Symbol Vpp in Fig. 19 represents one of the power source 
30 voltages of the internal power source (that is, the "H" 
level of ths selecting line), and Vnwl represents the 
power source voltage of the power source for the "L" 
level of the selecting line. Generally, the power source 
voltage Vpp has a positive voltage level while the power 
35 source voltage Vnwl has a negative voltage level. 

In Fig. 20, bwdx is a part of the selecting signal, 
and the signal pulse of the "L" level is applied during 



the operation. Symbol bkes, too, is a part of the 
selecting signal. This signal is used for sampling the 
decode result of the decode signal as the **K" level 
signal pulse is applied thereto during the operation- 
Symbol wbiz represents a control signal for selecting 
unconditionally all the selecting lines at the time of 
the test and is normally at the ^'L" level. Syrabol wlrsx 
represents a reset signal of the selecting lines, which 
rises to the "K" level whan the selected selecting line 
is brought into the non-selection state. 

The selecting line drive circuit shown in Fig- 20 
includes three ? channel transistors 10a, l2a and 11a and 
three n channel transistors 13a to iSa to which the 
output signals scu and scl of the shift control circuit 
and the output signal cfsx of the fuse circuit are 
inputted, respectively. These P and N channel 
transistors 10a, 12a, 11a and 13a to 15a constitute a 3- 
input NCR gate. Furthermore, the selecting line drive 
circuit shown in Fig, 20 includes three N channel 
transistors 17a, 16b and 16a for receiving the three 
decode signals pir.wll, pmwlm and pmwlr at the source (or 
drain) thereof as the input- The transfer gate 
constituted by these three N channel transistors Ua, 16b 
and I6a functions as a three-directional switch device. 

In the selecting line drive circuit shown in Fig. 
20, the select signal bkez is supplied to the gate of the 
N channel transistor l8a, and the reset signal wlrsx of 
the selec-ing line is supplied to the gate of each of the 
P and N channel transistors 19a and 22a. The output 
signal from the NOR gate is inputted to the gate of the N 
channel transistor 16b > The drain of the N channel 
transistor l6b is connected to the source of the N 
channel transistor 18a. The drain of the N channel 
transistor 13a is connected to the gate of each of the P 
and N channel transistors 20a and 21a, The P channel 
transistor 19a and the ? channel transistor 20a, and the 
N channel transistor 21a and the N channel transistor 22a 
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together constitute two-input NOR gates receiving the 
select signal bkez and the reset signal wlrsx as the 
input signals thereof. 

In the selecting line drive circuit shown in fig. 
5 20 r the dra-in (nods n02) of each of the P and N channel 
transistors 20a and 21a is connected to the gate of each 
of the P and N channel transistors 23a and 24a. These P 
and N channel transistors 23a and 24a together constitute 
one inverter, and the signal of the "L" level or the "H" 

10 level is supplied zo an arbitrary one of the selecting 
lines mwiOOx from this inverter. 

In the selecting line drive circuit shown in ?ig. 
20, further, the control signal wbiz is inputted to the 
gate of each of the ? and N channel transistors 25a and 

15 27a, The dram (nods n02) of each of the P and N channel 
transistors 20a and 21a is connected to the gate of each 
of the ? and N channel transistors 26a and 28a. On the 
other hand/ the control signal bwdx is inputted to the 
source of each of the N channel transistors 27a and 28a. 

20 The P channel transistor 25a and the P channel transistor 
26a, and the N channel transistor 23a and the N channel 
transistor 27a consritute a 2-input NOR gate receiving 
the control signals wbiz and bwdx as the input. 

In the selecting line drive circuit shown in Fig. 

2 5 20, too, when the output signals scu and scl are at the 

"H" level and the "L' level, respectively, with the 
output signal cfsx being at the "L" level, the mode for 
executing the shift redundancy operation in one direction 
is selected in the same way as in the selecting line 
30 drive circuit of the first embodiment (Fig. 6), In 
contrast, when the output signals scu and scl of the 
shift control circuit are at the "L" and "H" levels, 
respectively, with the output signal cfsx of the fuse 
circuit being at the "L" level, the mode for executing 

3 5 the shift redundancy operation in the other direction is 

selected. 

Fig. 21 is a circuit diagran^ showing the 



construction of the shift control circuit for normal 
selection in the second preferred embodiment of the 
present invention; Fig, 22 is a circuit diagram showing 
the construction of the redundancy shift control circuit 
for the left end in the second preferred embodiment; and 
Fig- 2 3 is a circuit diagram showing the construction of 
the redundancy shifr control circuit for the right end in 
the second preferred embodirtient . In other words, Fig. 21 
shows the shift control circuit for normal selections- 
Fig, 22 shows the shift control circuit for redundancy 
selection positioned ar the left end; and Fig. 23 shows 
the shift control circuit for redundancy selection 
positioned at the right end. 

In Figs* 21 to 23, symbol cfsx represents the output 
signal of the fuse circuit. The shift control circuits 
described above have substantially the same function as 
those of the first preferred embodiment (Fig. 7). The 
input signal lin of the shift con-crol circuit is 
connected to the adjacent output signal lout on the left 
side, the other input signal uin of the shift control 
circuit is connected to the adjacent output signal uout 
on the right side, and the "L" (voltage Vnwl) level is 
inputted to the input signal lin of the left end_ and the 
input signal uin of the right end, Unlike the first 
preferred embodiment (Fig. 7), each of the shift control 
circuits in this embodiment comprises the NOR gats and 
the inverter. 

More particularly, the NOR gate disposed on the side 
of the input signal lin of the shift control circuit for 
normal selection in Fig, 21 comprises two P channel 
transistors 30a and 31a and two N channel transistors 32a 
and 33a. Further, the inverter 34a disposed on the side 
of the output signal lout comprises a P channel 
-ransistor and an N channel transistor. On the other 
hand, the NOR gate disposed on the side of the input 
signal uin of the shift control circuit in Fig. 21 
comprises two ? channel transistor 38a and 39a and two N 



channel transistors 36a and 37a. The inverter 35a 
disposed on the side of the output signal uout comprises 
a P channel transistor and an N channel transistor. 

The output signal sen outputted from the drain of 
the N channel transistor 36a in the NOR gate disposed on 
the side of the input signal uin is used as the other 
input signal of the selecting line drive circuit shown in 
Fig. 20, On the other hand, the output signal scl 
outputted from the drain of the K channel transistor 33a 
in the NOR gate disposed on the side of the input signal 
lin is used as one of the input signals of the selecting 
line drive circuit in Fig. 20. Unlike the first 
embodiment (in which the output signals uout and lout 
control the operation of the switch devices), chese 
output signals scu and scl are used for controlling the 
operation of a three-directional switch device comprising 
the N channel transistors ITa, 16b and I6a shown in Fig. 
20. 

The construction of the shift control circuit for 
redundancy selection at the left end in Fig, 22 is 
substantially the same as the construction of the shift 
control circuit for normal selection in Fig. 21, but is 
different in thar the inverter for transferring the 
output signal uout is not disposed. 

More particularly, the NOR gate disposed on the side 
of the input signal lin of the shift control circuit for 
redundancy selection at the left end in Fig, 22 comprises 
two P channel transistors 70a and 71a and two N channel 
transistors 72a and 73a. The inverter 74a disposed on 
the side of the output signal lout comprises a P channel 
transistor and an N channel transistor. On the other 
hand, the NOK gate disposed on the side of the input 
signal uin of the shift control circuit for redundancy 
selection in Fig- 21 comprises two P channel transistors 
77a and 78a and two N channel transistors 75a and 76a. 

The construction of the shift control circuit for 
redundancy selection at the right end in Fig. 23 is 



substantially the same as the construction of the shift 
control circuit for normal selection in Fig- 21, but is 
different in that the inverter for transferring the 
output signal lout is not disposed. 

More particularly, the NOR gate disposed on the side 
of the inpur signal lin of the shift control circuit for 
redundancy selection at the left end of Fig. 23 comprises 
two P channel transistors eoa and 81a and two N channel 
transistors 82a and 83a. On the other hand, the NOR gate 
disposed on the side of the input signal uin of the shift 
control circuit for redundancy selection in Fig. 23 
comprises two P channel transistors B5a and 86a and two N 
channel transistors 84a and 87a, Further, the inverter 
88a disposed on the s:Lde of the output signal uout 
comprises the P channel transistor and the N channel 
transistor , 

Fig. 2 4 is a circuir diagram showing the 
construction of a fuse circuit for nor:nal selection in 
the second preferred eiTibodiment of the present invention; 
Fig. 25 is a circuit diagram showing the construction- of 
a fuse circuit for redundancy selection in the second 
preferred embodimenr; and Fig. 26 is a circuit diagran 
showing the construcrion of a fuse circuit for forced 
redundancy in -he second preferred embodiment, 

In Fig. 24, the output signal cfsx of the fuse 
circuit is inputted ro the NOR gane of the shift control 
circuit. Therefore, when the fuse is not cut, the fuse 
circuit for normal selection outputs the "L" level signal 
unlike the first embodiment: (Fig. 9). When the fuse is 
cut, on the other hand, it outputs the "H" level signal. 

In Fig. 25 r when the fuse is not cut and forced 
redundancy is not executed, the fuse circuit for 
redundancy selection outputs the "H" level signal. When 
the fuse is cut, it outputs the "L" level signal. When 
forced redundancy is executed, on the other hand, the 
fuse for redundancy selection is apparently cut and the 
"L" level signal is ourputted. 



In Fig- 26; when the fuse is not cut and forced 
redundancy is not executed, the fuse circuit for forced 
redundancy outputs the "L'* Level signal. When forced 
redundancy is executed, the fuse for forced redundancy is 
apparen-cly cut, and the "H" level signal is outputted. 
On the other hand, when rhe fuse for forced redundancy is 
cut actually, rhe "H'^ level signal is outputted. 

In Figs. 24 to 26, sttxb and ftpzb have 
substantially the sair.e function as szzx and ftps in the 
first preferred embodiment (Fig. 9) except that the 
voltage level is different. 

More particularly, the fuse circuit for normal 
selection shown in Fig. 24 includes a ? channel 
transistor 41a and an N channel transistor 42a for 
receiving the control signal sttxb at the gates thereof 
as the input, two N channel transistors 43a and 45a and a 
P channel transistor 44a. When the fuse 40a is not cut, 
the output signal cfsx of zha fuse circuit attains the 
"L" level afTier the power becomes operative. When the 
fuse 40 is cut, rhe output signal cfsx of the fuse 
circuit changes to the *'H" level - 

The fuse circuit for redundancy selection shown in 
Fig. 25 includes a ? channel transistor 51r and an N 
channel transistor 54r the gates of which the control 
signal ftpzb is inputted to, a ? channel transistor 52r 
and a P channel transistor 5 3r the gates of which the 
control signal ftp2b is inputted to, two N channel 
transistors 55r and 57r, a P channel transistor 56r and 
an inverter SSr. When forced redundancy is not executed, 
'-he N channel transis-or 55r is turned ON and the output 
signal cfsx of the fuse circuit attiains the "H" level. 
When the fuse 40r is cut, the N channel transistor 55r is 
turned OFF and the output signal cfsx of the fuse circuit 
changes to the "L" level. When forced redundancy is 
executed, on the other hand, that is, when the control 
signal ftpzb is at the "H" level, the N channel 
transistor 53r is turned ON and the output signal cfsx of 
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the fuse circuit changes to the "L" level. 

The fuse circuir for forced redundancy shown in Fig. 
2 6 includes a P channel -cransistor 5 If and an N channel 
transistor 54f the gates of which the control signal 
5 sztxb is inputted to^ a ? channel transistor 52f and an N 
channel transistor 53 the gates of which the control 
signal f-cpzb is inputted to^ an N channel transistor 55f, 
and an inverter 56f. When the fuse 50f is not cut and 
forced redundancy is not sxscu-ed^ the P channel 

10 transistor 52f is turned ON while the N channel 

transistor 55f is turned OFF, so that the output signal 
cfsx of the fuse circuit changes to the ''L" level. 
Further^ when forced redundancy is executed^ that is, 
when the control signal ftp2b remains at the "H" level, 

15 the N channel transistor 53f is turned ON and the output 
signal cfsx of tihe fuse circuit changes to the ''H" level. 
It is possible under this state to check whether or not 
any fault exists in the redundancy selecting lines before 
the fuse corresponding to the selecting line as the 

20 object of shift redundancy is cut. When the fuse 50f is 

actually cut, on the other hand, the N channel transistor 
55f is turned ON and the output signal cfsx of the fuse 
circuit changes to the "H" level. 

Fig. 27 is a circuit diagram showing the 

25 construction of the decoder circuit in the second 

preferred embodiment of the present invention. This 
decoder circuit is the one that outputs the decode signal 
dw (that is, the decode signal pmwlx) . 

In the drawing, symbols raaOOz and rabOOs represent 

3 0 pre-decode signals that represent the address. The first 
pre-decode signal raaOOz is supplied to the gate of the N 
channel transxstor 90a. The second pre-decode signal 
rabOOs is supplied to the gate of the N channel 
transistor 91a. 

35 Fig. 23 is a timing chart for explaining the 

operation of the selecting line drive circuit shown in 
Fig, 20, 



It: will be assumed hereby that the first and second 
pre-decode signals raaOOz and rabOOz are at the "H" 
level, that is, only the decode signal pmwlx selected by 
the address is at the "L" level, and the reset signal 
wlrsx of the selecting line is at the "L" level and the 
selecting signal bkez is at the "H" level, as shown in 
Fig. 28, Here, when borh of the first and second pre- 
decode signals raaOOs and rabOOz are at the "H" level, 
that is, when only the decode signal pmwlx selected by 
the address is at the "L^' level, the voltage level of 
only the node nOl of the selecting line driving circuit 
(see Fig, 12) connected to the signal line of the decode 
signal pmwl>r falls to the "L" level. Under this state, 
the selecting line mwlOCx is selecT:ed and rhe "L" level 
signal is outputted. 

When the reser signal wlrsx of rhe selecting line 
rises to the "H" level, on the other hand, the selecting 
line mwliOOx enters the non-select^Lon state and the "H" 
level signal is outputnad. Incidentally, both of the 
control signal wbiz and selecting signal bwdx are ar the 
"L'' level in this case. 

Figs. 29 to 34 are circuit diagrams Nos - 1 to 6 each 
showing the connection air,ong the circuits in the second 
preferred einbodiment of the present invention. These 
drawings typically show the case in which the 
semiconductor memory device (parent circuit) having 
sixty-four selecting lines mwl(O) to znwl( 63) (for 
example, main word selecring lines) and two redundancy 
selecting lines mwlj2(0) and iiiwlj2(l) is formed by 
connecting one another a plurality of children circuits 
each comprising the selecting line drive circuit shown in 
Fig. 20, the shift control circuit shown in Figs. 21 to 
13 f the fuse circuit shown in Figs, 24 to 26 and the 
decoder circuit shown in Fig* 27. 

Figs. 29 and 30 show the left end portion of such a 
parent circuit, Figs. 31 and 32 show the center portion 
of the parent circuit and Figs. 33 and 34 show the right 



end portion of the parent circuit. In Figs, 29 to 34, a 
plurality of decoder circuits {for example, first to 64- 
th decoder circuits 52-1 to 52-64) are connected to a 
plurality of selecting line drive circuits (for example, 
first to 64-th selecting line drive circuits 32-1 to 82- 
64), respectively, and the decode signals pmwlx outputted 
from these decoder circuits are applied to the selecting 
line drive circuits, respectively. 

Further, a plurality of fuse circuits (for exainple, 
first to 64-t:h fuse circuits 62-1 to 62-64) are connected 
to a plurality of shift control circuits (for example, 
first to 64-th shift control circuits 72-1 to 72-64), 
respectively. These shift control circuits are further 
connected to a plurality of selecting line drive 
circuits , respectively. 

In Fig. 23, the fuse circuit 62rl for redundancy 
selection positioned the left end is connected to the 
shift control circuit 72rl for redundancy selection, and 
this shift control circuit 72rl for redundancy selection 
is connected zo the redundancy selecting line drive 
circuit a2rl. In Fig. 34, on the other hand, the 
redundancy selecting fuse circuit 62r2 positioned at the 
right end is connected to the shift control circuit 72r2 
for redundancy selecrion, and this shift control circuit 
7 2r2 for redundancy selection is connected to the 
redundancy selecting line drive circuit 82r2- 

It can be appreciated from Figs. 29 to 3 4 that the 
forced redundancy selecting lines that become the object 
of forced redundancy when the forced redundancy operation 
IS executed are -Tiwld) and mwl(62). When shift 
redundancy is executed, it is necessary to first test 
whether or not any fault exists in the redundancy 
selecting lines. At this time, the redundancy selecting 
lines can be selected electrically by executing the 
forced redundancy operation without cutting the fuse, and 
such a forced redundancy sys-em includes the case in 
which the disturb test is conducted for the redundancy 
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selecting lines, that is^ the case in which the 
influeacas are tested when the adjacent selecting lines 
are repeatedly selected, if the selecting lines adjacent 
to the redundancy selecting line are selected as the 
5 object of forced redundancy in such a case, the test 

described above cannot be conducted. Therefore, other 
selecting lines must be selected as the object of forced 
redundancy. 

Accordingly, in the second preferred embodiment of 

10 the present invention, too, the selecting lines inwlz(l) 
and mwl(62}, that are spaced apart by one selecting line 
from the redundancy selecting line^ are selected as the 
object of forced redundancy in the same way as in the 
first preferred embodiment. 

15 Fig. 35 15 a schema-ic view showing the circuit 

layout of the shift control circuits in the second 
preferred embodiment of the present invention, and Fig. 
3 6 is a schem.atic view showing the circuit layout of the 
fuse circuits in rhe first preferred embodiment of the 

20 present invention. Figs. 3 5 and 3 6 show in enlargement a 
part of a schematic circuit pattern when the circuit 
patterns of the shifz control circuits and the fuse 
circuits of the second preferred embodiment are formed on 
the semiconductor chip. 

25 In the circuit: patterns shown in Figs, 35 and 36, 

there are formed a polysilicon pattern for a first layer 
N channel transistor (hereby abbreviated to "n-CH 
polysilicon pattern") 250, a polysilicon pattern for a 
first layer ? channel transistor (hereby abbreviated to 

30 the "p-CH polysilicon pattern") 260, a second layer 
polysilicon pattern 270, a first layer metal wiring 
pattern 350 made of aluminum, etc., and a second layer 
metal wiring patiiern 3 60 made likewise of aluminum, etc. 
The N channel transistor (n-CH transistor) 280 is formed 

3 5 using the first layer n-CH polysilicon pattern ; and the P 
channel transistor (p-CH transistor) 290 is formed using 
"he second layer p-CK polysilicon pattern. On the other 



hand, connection among the patterns of different layers 
is effected through a large number of through holes 295, 

In Fig, 36. further, a main word pattern for 
constituting a plurality of main word selecting lines and 
a plurality of fuses 450 are depicted in the same pitch, 
and the fuses and the column selecting line patterns 
correspond to one another on the 1:1 basis so that the 
selecting line for which the shift redundancy process is 
being executed can be grasped at sight. On the other 
hand/ the shirr control circuit has only the function of 
keeping rhe electrical state once the electrical state is 
determined by cutting the fuss, but speed-up of the 
signal processing speed is not at all required. 
Therefore, m the circuit patterns shown in Figs. 3 5 and 
36 f toO/ the metal wiring having a low resistance such as 
the second layer meral wiring pattern 360 needs not be 
used for transferring the control signal for the shift 
redundancy process, in the same way as in the cases shown 
in Figs. 18 and 19. Accordingly, other wiring patterns 
used for the shift redundancy process can be disposed 
efficiently in the region below the second layer metal 
wiring pattern. 

Fig, 3" is a circuit diagram showing a structural 
example of rhe redundancy block detecting circuit applied 
to the embodiment of the present invention. 

When the fault analysis is executed for the package 
having the semiconductor chip mounted thereto, the 
position to which shift redundancy is applied cannot be 
stipulated by a microscope, ere. Therefore, there is the 
case in which the block subjected to the shift redundancy 
process must be detected elecrrically . Therefore, it is 
effective to employ a method that detects the block 
subjected to the shift redundancy process, by using the 
redundancy block detecting circuit shown in Fig. 37. 

In Fig- 37, symbol tesz represents the signal which 
attains the "K" level when the tesr of redundancy block 
detect is conducted, and symbol blk2 represents the 
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selecting signal of the block in the minimum unit when 
the test described above is conducted. In this case^ the 
selecting signal blks of the corresponding block attains 
the "H" level- The shift redundancy system in the basic 
5 embodiment and in the preferred embodiments of the 

present invention cuts the fuse corresponding to the 
redundancy selecting line when the redundancy selecting 
line is used. Therefore, redundancy block detection 
becomes possible by using this fuse cut state as the 

10 reference of judgement. 

For example, when the corresponding fuse is cut, the 
output signal cfsjz of the fuse circuit for redundancy 
selection shown in Fig, 3 7 ourputs the "K" level signal 
(see Fig. 10). This output signal cfsjz is supplied tlo 

15 the semiconductor chip through the N channel transistor 
102, When the output signal is inputted to the "cfsjz" 
terminal shown in Fig. 37^ the signal pjdcx transferred 
to the line connec^ied zo the power source through the 
transistor 10 3 changes to the "L" level if the shift 

20 redundancy process is executed in "he selected block, and 
the invert signal jdcz outputted through the inverter 104 
changes to the "H" level. The desired operation can be 
achieved by outputting -chis invert signal jdcz to the 
output or causing the leakage current to flow through the 

25 pi^s of the output data DQ or the address signal Add. 

Figs. 38 to 40 are block diagrams Nos. 1 to 3 
showing the overall circuit construction of the third 
preferred embodiment of the present invention/ 
respectively. 

3 0 In the first and second preferred embodiments 

described already, the fuses must be disposed in such a 
manner as to correspond on the lil basis to a plurality 
of selecting lines for the purpose of executing the shift 
redundancy operation. Therefore, when the number of 

35 selecting lines increases, the number of fuses increases ^ 
as well. In a semiconductor memory device wherein sixty- 
four selecting lines are disposed, for example r sixty- 



six^ in total, fuses must be laid out on the 
semiconductor chip so as to correspond to the sixty-four 
selecting lines and the redundancy selecting lines. 

In view of the problem described above, the third 
preferred embodiment of the present invention shown in 
Figs, 38 to 40 reduces the number of necessary fuses by 
decoding the signals generated by the combination of 
fuses. When the fuse decode signals corresponding to the 
sixty-four selecting lines, respectively r are generated, 
sixty-four fuse decode signals can be generated by 
combining six fuses (2^ = 64). Therefore, fourteen fuses 
may be preparad even when the two fuses for redundancy 
selection are taken into account. In this case, too, the 
circuits for generating the fuse for forced redundancy 
(that is, the fuse circuits 500-2 and 500-3) are disposed 
in the same way as described above. These fuse circuits 
for forced redundancy have the function of confirming 
;.*hether or nor any fault exists in the redundancy 
selecting lines without cutting the fuses. 

The explanaticn will be given in further detail. 
The third preferred embodiment described above includes 
ten fuse circuits 500-3 to 500-7 and 500-9 to 500-13 each 
having a fuse, two fuse circuits 500-1 and 500-14 for 
redundancy selection and two fuse circuits 500-2 and 500- 
8 for forced redundancy. The third embodiment further 
includes fuse signal generating circuits 510-1 to 510-6 
for generating complementary fuse signals cf aOOx/cf aOOz, 
cfa01x/cfaOl2, cf bOOx/cf bOOz , cfbO Ix/cf bOl2 , 
cf cOOx/cfcOOz and cf cO Ix/cf cOlz on the basis of the 
signal jfsOs outpuiired from one of the fuse circuits 500- 
1 for redundancy selection, the signal fsOOx outputted 
from one of the fuse circuirs 500-2 for forced redundancy 
and the signals fsOlx to fs05x outputted from the fuse 
circuits 500-3 to 500-7, 

In the third preferred embodiment described above, 
fuse pre-decoder circuiTis 520-1 to 520-12 are disposed on 
•zhe output side of zhe fuse signal generating circuits 
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510-1 to 510-6. These fuse pre-decoder circuits output 
twelve kinds of fuse ore-decode signals faaOOx to faa03x, 
fabOOx to fab03x and facOOx to tacQ3X by suitably 
combining the compleraentary fuse signals generated by the 
5 fuse signal generating circuits. 

The third preferred embodiment described above 
further includes fuse signal generating circuits 510-7 to 
510-12 for generating complementary fuse signals 
cfalOx/cf alOz, cf allx/cf alls , cfblOx/cf blOz, 

10 cfbllx/cfbllz, cfclOx/cfcl02 and cf cllx/cf cilz on the 

basis of the signal fslSx outputted from the other fuse 
circuit 500-3 for forced redundancy, the signals fslOx to 
fsl4x outputted from rhe fuse circuits 500-9 to 500-13 
and the signal jfslx outputted from the other fuse 

15 circuit 500-14 for forced redundancy. 

In the third preferred emhodimen-c described above 
fuse pre-decoder circuits 520-13 to 520-24 are disposed 
on the output side of the fuse signal generating circuits 
510-7 to 510-12. These fuse pre-decoder circuits output 

20 other twelve kinds of fuse pre-decode signals fallOx to 

fall3x, fablOx to fabl3x and faclOx to facl3x by suitably 
combining the complenientary fuse signals generated from 
the fuse signal generating circuits. 

The rhird preferred eitibodinent described above 

25 includes fuse decoder circuits 530-1 to 530-in (where m is 
an arbitrary positive integer or 2 or more than 2 and is 
6 4 in this case) for generating sixty-four fuse decode 
signals faOOx to fa63x, that correspond to the total 
number of selecting lines, by combining twelve kinds of 

30 fuse prs-deccde signals outputted from the first group 
fuse pre-decoder cj.rcuits 520-1 to 520-12 with twelve 
kinds of fuse pre-decode signals outputted from the 
second group fuse pre-decoder circuits 520-13 to 520-24. 
The fuse decode signals faOOx to fa63x generated by these 

35 ::use decoder circuits are inputted to the shift control 
circuits 540-2 to 540-m+l having substantially the same 
construction as those of the first and second 
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embodiments, and the shift redundancy operation is 
executed, whenever necessary. Incidentally/ the output 
signals fajOx and fajlx of the fuse circuits for 
redundancy selection 500-1 and 500-14 are as such 
5 inputted to the shift control circuits for redundancy 
selection 540-1 and S40-in+2, 

Fig. 41 is a circuit diagram showing the 
construction of the fuse circuit for redundancy selection 
in the third preferred embodiment of the present 

10 invention; Fig. 42 is a circuit diagram showing the 

construction of the fuse circuit for forced redundancy in 
the third preferred eiubodimsnt ; and Fig, 43 is a circuit 
diagram showing the cons-cruction of the fuse circuit for 
normal selection in the third preferred embodiment. 

15 The constructions cf the fuse circuit for redundancy 

selection and fuse circuit for normal selection shown in 
Figs. 41 to 43 are substantially the same as the 
construction of the fxrst preferred embodiment (Figs. 9 
to 11 ) . 

20 In Fig. 41, symbol sttx represents the control 

signal which remains at the "H" level until the power 
source becomes operative after the power source is 
switched on and falls to the "L" level after the power 
source becomes operarive. Symbol ftpz represents the 

25 control signal which attains the "H" level when the 
forced redundancy is executed. The fuse circuit for 
redundancy selection shown in Fig. 41 includes a P 
channel transistor 401r and an N channel transistor 403r 
to which the control signal sttx is inputted, a P channel 

30 transistor 402r and an N channel transistor 404r to which 
the control signal ftpz is inputted, an N channel 
transistor 405r/ and two inverters 406r and 407r, When 
the forced redundancy operation is not execute'd, the 
output signal jfsx of the fuse circuit (corresponding to 

35 the output signals jfsOx and jfslx shown in Figs, 38 and 
40) is at the "H" level, when the forced redundancy 
operation is executed (that is, when the fuse 400r is 
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apparently cut), the output signal jfsx of the fuse 
circuit for redundancy selection changes to the "L" 
level. AS to the shift control circuit, however, the 
output signal fajx (corresponding to the output signals 
5 fajOx and fajlx in Figs. 38 and 40) of the ^X^' level is 
supplied when the forced redundancy process is not 
executed. 

In Fig. 42, symbol ftpz represents the control 
signal which attains the *'H" level when forced redundancy 

10 i;3 executed as described above. The fuse circuit for 
force redundancy shown in Fig. 42 includes a P channel 
transistor 401f and an N channel transistor 403f to which 
the control signal srtx is inputted, a P channel 
transistor402f and an N channel transistor 404f to which 

15 the control signal ftps is inputted^ an N channel 

transistor 405f;. and two inverters 406f and 407f. Here^ 
if Tihe fuse 400f is selected as the object: of the forced 
redundancy operation and this fuse 400f is allowed to 
look as being apparently cut/ the outpuz signal fsx of 

20 the fuse circuit for forced redundancy (corresponding to 
the output signals fsOOx and fsiSx in Figs. 3S and 39) 
changes to the "L" level, it is possible to confirm 
under this state whether or not any fault exists in the 
redundancy selecting lines. 

25 The fuse circuit shown in Fig. 43 includes a P 

channel transistor 41b and an N channel transistor 42b to 
which the control signal sttx is inputted, an N channel 
transistor 43b and two inverters 44b and 45b, When the 
power source becomes operative and the control signal 

30 sttx changes to the "L" levels the N channel transistor 

43b is turned OFF and the output signal fsx (fs#x) of the 
fuse circuit changes to the level if the fuse 40b is 
not cut at this time, when the fuse 40b is cut, the N 
channel transistor 4 3b is turned ON and the output signal 

35 fsx of the fuse circuit changes to the "L" level. 

Fig. 44 is a circuit diagram showing the 
construction of the fuse signal generating circuit in the 
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third preferred embodiiaent of the preserii: inven-ion. The 
fuse signal generating circuit shown in Fig. 44 comprises 
an inverter 512 and two NOR gates 511 and 513. This fuse 
signal generating circuit generates the compleiuentary 
5 fuse signals cfa#x/cfa#2 on the basis of the output 

signal fs#x of rhe fuse circuit for normal selection and 
the output signal jfsx of the fuse circuit for redundancy 
selection . 

Fig* 4 5 is a circuit diagram shoving the 

10 construction of the fuse pre-decoder circuit in the third 
preferred embodiment of the present invention. The fuse 
pre-decoder circuit shown in Fig. 45 comprises a NAND 
gate 521, AS two fuse signals (e.g., fuse signals cfaOOx 
and cfaOlx) generated by different fuse signal generating 

15 circuits are inputted, this NAND gate 521 generates a 
plurality of kinds of fuse pre-decode signals (faa#x, 
f ab#x or rac#x) , 

Fig. 46 is a circuit diagram shoving the 
construction of a fuse decoder circuit in the third 

20 preferred embodiment of the present invention. The fuse 
decoder circuit shown in Fig. 46 comprises three NOR 
gates 531, 532 and 533. This fuse decoder circuit 
generates the fuse decode signal (for example, fa#x) for 
designating the address by suitably combining the fuse 

25 pre-decode signals generated by different fuse pre- 
decoder circuits. 

The third preferred embodiment described above can 
drastically decrease the number of fuses necessary for 
executing shift redundancy for a plurality of selecting 

3 0 lines of the semiconductor memory device, and can reduce 
the area of the semiconductor chip. 

Fig. 47 is a voltage waveform diagram showing the 
simulation operation of the fuse circuit shown in Fig. 43 
when no fault: exists in the selecting lines; Fig. 48 is a 

35 voltage waveform, diagram showing the simulation operation 
of the fuse pre-decoder circuit shown in Fig. 45 when no 
fault exists in the selecting line; Fig. 49 is a voltage 
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waveform diagram showing the simulation operation of the 
fuse circuit shown in Fig, 4 3 when the two-shift 
redundancy process (shift redundancy operation of two 
bits) is executed; and Fig, 50 i.3 a voltage waveform 
5 diagram showing the siraulation operation of the fuse pre- 
decoder circuit shown in Fig. 45 when the two-shift 
redundancy operation is executed. 

As shown in Fig. 47^ when no fault exists in a 
plurality of selecting lines (under the default state), 

10 the output signals fsOOx to fslSx of all the fuse 

circuits for normal selection atrain the "H" level, and 
the output signals of the fuss circuits for redundancy 
selection, thai^ are positioned ar both ends r attain the 
"H" level. Therefore f all the output signals change to 

15 the "H'* level. 

When no fault exists in a plurality of selecting 
lines, all the selecting lines enter the state in which 
they can be selected, as is obvious from Fig, 47. The 
output signals fsOOx to fsl5x in this case attain the "H" 

20 level togs-cher with the outiput signals jfsCx and jfslx of 
the t:wo fuse circuits for redundancy selection. As is 
obvious from Fig, 48 r on the other hand, the output 
signals falSx, fai9x, , and fas43x of the fuse pre- 

decoder circuits are all at the "H" level. When ho fault 

25 exists in a plurality of select:,ng lines, the signals for 
redundancy selection fajOx and fajlx ourputted 
respectively from the two fuse circuits for redundancy 
selection are at the "L" level, as is obvious from Fig, 
48. 

30 When any faults occur in at least two selecting 

lines, on the other hand, the output signals of the fuse 
circuits corresponding to the addresses at which the 
faults occur change reliably to the "L" level, as shown 
in Fig. 49, It is obvious from Fig, 50 that the output 

35 signal corresponding to the address, at which the fault 
occurs, among the output signals falSx, fal5x, , 
fs43x of the fuse pre-decoder circuit, fall to the "L" 
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level . 

Next, concrete means for accomplishing higher 
fraedom of redundancy than in the first to third 
preferred eiubodiznents when the shift redundancy system of 
5 the present invention is applied to the semiconductor 
chip, and the fourth to sixth embodiments of the , 
invention constituted by the above means, will be 
explained. 

Fig. 51 is a schematic view showing a schematic 

10 construction of a semiconductor chip to which the shift 
redundancy system semiconductor device of the present 
invention is applied; Fig, 52 is an enlarged view showing 
t.he construction of the portion A of Fig. 51 when the 
fuse circui", the fuse circuit for forced redundancy and 

15 the fuse circuit for redundancy selection are 

independently provided zo each cell array; and Fig. 53 is 
an enlarged view of the construction of the portion 3 in 
Fig. 51 when the shift redundancy operation of the column 
selecting lines is uniformly executed for a plurality of 

20 raw blocks in the memory cell block. 

The semiconductor chip 6 shown in Fig, 51 comprises 
four banks {two lines of banks #0 and #1 in the column 
direction and two lines of banks n2 and #3 in the column 
directiion) . Each bank is halved (hereinafter called the 

25 "half bank") and the half banks are disposed at eight 

positions on both sides of the chip minor side. A pair 
of half banks in each bank (for example, bank #C ) are 
provided i^ith a cell array No. 0 {indicated by reference 
numeral 6-0) and a memory ceil array No. 1 (indicated by 

30 reference numeral €-1) each containing a plurality of 
memory cells. A column dQcodQr No. 0 (indicated by 
reference numeral 7-0) and a column decoder 7-1 
(indicated by reference numeral 7-1) each including a 
plurality of decoder signal lines are disposed at both 

35 end portions of these cell arrays Nos, 0 and 1, 

respectively. Furthermore ^ a main word decoder 7-2 is 
disposed at the center of each pair of half banks. 
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AS shown in ?ig, 52 (which is an enlarged view of 
the portion A of Fig, 51), in the semiconductor memory 
device according to the third preferred embodiment of the 
present invention, the fuse circuit for normal selection 
5 (sometimes called merely the "fuse circuit") and the fuse 
circuit for forced redundancy 8-0 on the cell array Wo. 0 
side are disposed so as to correspond to the row 
selecting lines rO to r63 disposed in one of the pair of 
half banks . The fuse circuit for redundancy selection 

10 8j-0 on the cell array No, 0 side is further disposed in 
such a manner as to correspond to the redundancy 
selecting lines rjO and rjl. 

On the other hand, the fuse circuit for normal 
selection (sometimes referred to merely as the "fuse 

15 circuit") and the fuse circuit for forced redundancy 8-1 
on the cell array No. 1 side are disposed so as to 
correspond to the row selecting lines rO to r63 disposed 
in the other of the pair of half banks. Furthermore^ the 
fuse circuit for redundancy selection 8j-l on the cell 

20 array No. 1 side is disposed in such a manner as to 

correspond to the redundancy selecting lines rjO and rjl. 
In other words, in the semiconductor memory device of the 
shift redundancy sysTiem such as the one shown in Fig. 52, 
the fuse circuit for normal selection, the fuse Circuit 

25 for forced redundancy and the fuse circuit for redundancy 
selection have been prepared independently in such a 
manner as zo correspond to each cell array in the 
semiconductor chip. 

Therefore, in the semiconductor memory device such 

30 as the one shown in Fig, 52, shift redundancy of two bits 
or one bit can be executed for only the total number of 
the selecting lines (here, row selecting lines) of one 
cell array. Speaking more concretely, in the shift 
redundancy system semiconductor memory device shown in 

35 Fig. 52, the degree of freedom of redundancy can be 

isecured for only sixty-four selecting lines of one cell 
array and consequently, the degree of freedom concerning 
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the fusas for redundancy selsction is limited. 

Let's consider, on the other hand, the case in which 
a memory ceil block including a plurality of memory cells 
is divided into a plurality of row blocks (four row 
5 blocks in Fig. 53). In the semiconductor memory devices 
according to the first to third preferred embodiments, 
only the input address CA# of the column decoder (for 
example, column decoder No. 1} is used for executing 
shift redundancy of rhe column selecting lines 

10 {represented by the selecting lines clO to cl63 in Fig. 
53) disposed x,o cover the four row blocks inside each 
half bank as shown in Fig. 5 3 (the enlarged view of the 
portion B of Fig. 51). in this case, it is derermined 
equally for all the row blocks whether or not the shift 

15 redundancy operation of the column selecting lines driven 
for a plurality cf row blocks is carried out. 

Therefore, in the case in which redundancy by the 
column selecting line is not executed as in the case 1 m 
Fig. 53, the switch devices in the switch unit 2 (with 

20 only the switch units 2-1 and 2-2 of the second and third 
row blocks 6r-l and 5r-2 being shown hereby for 
simplification) do not execute the switch operation, and 
redundancy is not executed for all the row blocks 6r-0 to 
6r-3. In the case in which two-bit shift redundancy is 

25 executed by the column selecting lines as in the case 2, 
on the other hand, shift redundancy is executed for the 
same selecting line throughout all the row blocks. 
Therefore, redundancy in rhe row block cannot be executed 
and freedom of redundancy is limited. 

^0 Fig. 54 is an enlarged view showing the construction 

of the portion A of Fig, 51 when the fuse circuit and the 
fuse circuit for forced redundancy are shared by adjacent 
cell arrays. The shift redundancy system shown in fig. 
54 is devised in order to solve the problem "because the 

35 degree of freedom of redundancy can be secured for only 
one cell array, rhe degree of freedom of redundancy is 
limited", as explained with reference to Fig. 52. 
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In Fig, 54, the comiuon fuse circuit and the fuse 
circuit 8c for forced redundancy are provided to two 
adjacent cell arrays (cell arrays Nos . 0 and 1) so that 
the fuse circuit for normal selection and the fuse 
5 circuit for forced redundancy can be shared. On the 

other hand, rhe fuse circuits for redundancy selection 
(here, the fuse circuit 8j-0 for redundancy selection on 
the cell array No. 0 side and the fuse circuit 8j-l for 
redundancy selection on the cell array No. 1 side) are 

10 independently provided to two adjacent cell arrays, 

respectively. According to this construction, two-bit or 
one-bit shift redundancy can be executed for 128, in 
total, of the selecting lines of the two adjacent cell 
arrays, and rhe degree of freedom for the fuse for 

IS redundancy selection can be made larger than that of che 
shift redundancy sys-em shown in Fig. 52. Incidentally, 
two-bir or one-bit shifr redundancy can be executed in 
this case for either one of the two adjacent cell arrays. 
Fig. 55 is a diagram showing in enlargement the 

20 construction of the portion B when shift redundancy of 
the column selecting lines is executed in the row block 
unit in the memory cell block. The shift redundancy 
system shown in Pig. 55 is devised in order to solve the 
problem explained wirh reference to Fig. 53, i.e., 

25 "redundancy in the row block unit cannot be made and 
freedom of redundancy is limited". 

when shift redundancy of the column selecting lines 
is executed in Fig- 55, redundancy in the row block unit 
can be executed because the column selecting lines driven 

3 0 for a plurality of row blocks 6r-0 to 6r-3 receive the 
logic of the address of the corresponding row blocks by 
combining the inpur address CA# of the column decoder 
(for example, the column decoder No. 1) with the logic of 
the addresses RAO and RAl of the row blocks. 

^5 More concretely, when the second row block €r-l is 

selected as in the case 1 in Fig. 55, the switch devices 
in the switch unit 2-1 are allowed to execute the switch 
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operation in only the row block 6r-l by the logic of the 
addresses RAO and RAl of the row block, and in this way^ 
one-bit shift redundancy can be executed. On the other 
hand, when rhe third row block 6r-2 is selected as in the 
5 case 2, the switch devices inside the switch unit 2-2 are 
allowed to execute the switch operation in only the row 
block 6r-2 by the logic of the addresses RO and RAl of 
the row blocks. Consequently, two-bit shift redundancy 
can be execured. Such a construction makes it possible 

10 to execute independently two-bit shift redundancy for 

each of a plurality of row blocks, or to execute one-bit 
shift redundancy, or not to execute shift redundancy, and 
the degree of freedom of redundancy can be increased in 
comparison wirh the shif^: redundancy system shown in Fig. 

15 53. 

Figs. 5 6 to 61 are block diagrams Nos . 1 to 6 
showing the overall circuit construction of the fourth 
preferred embodiment of the present invention ^ 
respectively . 

20 The fourth preferred enibodiment shown in Figs. 56 to 

61 is directed to relatively improve the degree of 
freedom of redundancy by applying the construction shown 
in Fig. 53, i.e*, "the fuse circuit for normal selection 
and the fuse circuit for forced redundancy are shared by 

25 two adjacent cell arrays r and the fuse circuit for 

redundancy selection is provided independently to each of 
these cell arrays", to the construction of the third 
preferred embodiment i.e., "the fuse decode signal is 
generated by designating the address of the fuse 

30 corresponding to the fault selecting line by the 
combination of a plurality of fuses". 

The feature of this fourth preferred embodiment 
resides in the following point. The fuse circuits for 
normal selection 601-3 to 601-7 and 601-9 to 601-13 and 

35 the fuse circuits for forced redundancy 601-2 and 601-8 
shown in Figs. 60 to 63 are shared by two adjacent cell 
arrays Nos. 0 and 1, and the fuse circuits for redundancy 
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selection are independently provided to ths two ceil 
arrays, respectively. Furthermore, the fuse signal 
generating circuit is shared by the two adjacent cell 
arrays Nos. 0 and I, The main constituent elements other 
5 than rhe fuse circuity the fuse circuit for forced 

redundancy and the fuse signal generating circuity such 
as the fuse pre-decoder circuit, the fuse decoder circuit 
and the shift conxrol circuit, are provided independently 
to each cell array in the same way as m the third 

10 preferred embodiment. 

The fourth preferred embodiment, too, reduces the 
number of necessary fuses by decoding -he signals 
generated by the combination of a plurality of fuses in 
the same way as in the third preferred embodiment. When 

15 the fuse decode signals corresponding respectively to the 
sixty-four selecting lines, for example, are generated, 
six fuses are combined (2^ = 64) so as to generate the 
sixty-four fuse decode signals. Therefore^ fourteen 
fuses inclusive of two fuses for redundancy selection may 

20 be prepared. In this case, the circuit for generating 
the fuses for forced redundancy (that is^ the fuse 
c-rcuits 601-2 and 601-3 for forced redundancy) has the 
function of confirming whether or not any fault exists in 
the redundancy selecting lines without actually cutting 

25 the fuses. 

The explanation will be given in further detail. In 
the fourth preferred embodiment described above ^ ten fuse 
circuits 601-3 to 601-7 and 601-9 to 600-13 each having 
the fuse for normal selection and two fuse circuits 601-2 

3 0 and 6 01-S for forced redundancy are provided to the 

adjacent cell arrays Nos- 0 and 1. Furthermore, two fuse 
circuits 601-1 and 601-14 for redundancy selection are 
provided to one of the adjacent cell arrays No. 0, while 
two fuse circuits 602-1 and 602-14 for redundancy 

35 selection are provided to the other cell array No. 1. 

The fourth preferred embodiment includes further a 
fuse signal amplifying circuit 610-1 for redundancy 
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selection that inverts the level of the signal jrfsrOx 
outputted from one of the fuse circuits 601-1 for 
redundancy selection on the cell array No. 0, and 
amplifies the inverted signal, and a fuse signal 
5 amplifying circuit 610-14 for redundancy selection that 
inverts the level of the signal jrfsrlx outputted from 
the other fuse circuit 601-14 for redundancy selection 
and amplifies rhis signal. On the other hand, the fourth 
e-TTibodiment includes further a fuse signal amplifying 

10 circuit 611-1 for redundancy selection that inverts the 
level of the signal jrfslOx outputred from one of the 
fuse circuits 602-1 for redundancy selection on the cell 
array No. 1 side and amplifies this signal, and a fuse 
signal amplifying circuit 611-14 for redundancy selecrion 

15 that inverts the level of t-he signal jrfsllx output-ced 
from rhe other fuse circuit 602-14 for redundancy 
selection on the same cell array side and amplifies this 
signal . 

In the fourth preferred embodiment described above ^ 
20 there are further disposed fuse signal generating 

circuits 610-2 to 610-7 for generating complementary fuse 
signals rf aOOx/rf aOOz, rf aOlx/rfaOlz, rf bOQx/rfbOOs, 
rfbClx/rfbOlz, rf cOOx/rfcOOz and rf acOlx/rf cO Iz on the 
basis of the signal rfsOOx outputted from one of -the fuse 
2 5 circuits 601-2 for forced redundancy which is common to 

the sides of the cell arrays Nos . 0 and 1 and the signals 
rfsOlx to rfsOSx outpurred from the fuse circuits 601-3 
to 601-7, 

in the fourth preferred embodiment described above^ 
30 there are further disposed fuse pre-decoder circuits 620- 
1 to 620-12 on the cell array No. 0 side and also the 
output side of the fuse signal generating circuits 610-2 
to 610-7. These fuse pre-decoder circuits output twelve 
kinds of fuse pre-decode signals raaOOOx to rfaa003x, 
35 rfabOOOx to rfabOOSx and rfacOOOx to rfacOOSx for the 

cell array no, 0 by combining suitably the complementary 
fuse signals generated by the fuse signal generating 
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circuits. On the other hand, fuse pre-decoder circuits 
621-1 to 621-12 are disposed on the output side of the 
fuse signal generaring circuits 610-2 to 610^7 and on the 
side of the cell array No. 1. These fuse pre-decoder 
circuits output twelve kinds of fuse pre-decode signals 
rfaaiOOx to rfaal03x, rfablOOx to rabl03x and rfaclOOx to 
rfaclOSx by combining suitably the complementary fuse 
signals generated by the fuse signal generating circuits. 

In the fourth preferred embodiment described above, 
there are further disposed fuse signal generating 
circuits 610-8 to 610^13 for generating complementary 
fuse signals rfcllx/rfciiz, rfclOx/rf clOs , rfbllx/rfbllz , 
rfblOx/cfblOz, rfallx/rfallz andrf alOx/rf alOz on the 
basis of the signal rfsl5x ourputted from the other fuse 
15 circuit 601-9, which is in common to the cell arrays Nos, 
0 and 1, and the signals rfsl4x to rfslOx outputted from 
the fuse circuits 601-9 to 601-13. 

In -he fourth preferred embodiment described above, 
there are further disposed fuse pre-decoder circuits 620- 
13 to 620-24 on the outpur side of the fuse signal 
generating circuits 610-8 to 610-13 and on the cell array 
No. 0 side. These fuse pre-decoder circuits output 
twelve kinds of fuse pre-decode signals rfacOlOx.to 
rfac013x, rfabOiOx ro rfab013x and rfaaOlOx to rfaa013x 
25 for the call array N'o. 0 by combining suitably the 

compiementary fuse signals generated by the fuse signal 
generating circuits. On the other hand, fuse pre-decoder 
circuits 621-13 to 621-24 are disposed on the output side 
of the fuse signal generating circuit 610-3 to 610-13 and 
30 on the cell array No. 1 side. These fuse pre-decoder 

circuits output twelve kinds of fuse pre-deccde signals 
rfaallOx to rfaall3cx, rfabllOx to rfablI3x and rfacllOx 
to rfacU3x for the cell array No. i by combining 
suitably the complementary fuse signals generated by the 
35 fuse signal generating circuits. 

Here, the fuse signal rfajrOx representing whether 
or not the fuse in one of the fuse circuits for 
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redundancy selection $01-1 on the cell array No, 0 side 
is cut is supplied from the fuse signal amplifying 
circuit 610-1 for redundancy selection to the fuse pre- 
decoder circuits 620-1 to 620-4. Furthermore, the fuse 
signal rfajrlx for redundancy selection^ that represents 
whether or not the fuse in the other fuse circuit 601-14 
for redundancy selection on the cell array No, 0 side is 
cut, is supplied from the fuse signal amplifying circuit 

610- 14 for redundancy selection to the fuse pre-decoder 
circuits 620-21 to 620-24. On the other hand, the fuse 
signal rfajlOx for redundancy selection, that represents 
whether or not the fuse in one of the fuse circuits 602-1 
for redundancy selection on the cell array No. l side is 
cut, is supplied from the fuse signal amplifying circuit 

611- 1 for redundancy selection to the fuse pre-decoder 
circuits 621-1 to 621-4. Further, the fuse signal 
rfajllx for redundancy selection, that represents whether 
cr not the fuse in the orher fuse circuit 602-14 for 
redundancy selection on rhe ceil array No. 1 side is cut, 
is supplied from the fuss signal amplifying circuit 611- 
14 for redundancy selection to the fuse pre-decoder 
circuits 621-21 ro 621-24. 

The fourth preferred embodiment described above 
include further fuse decoder circuits 630-1 to €30-m 
(where m is an arbitrary positive integer of 2 or more 
than 2, and is 64 in this case) for generating sixty-four 
fuse decode signals rfaOOOx to rfa063x on the cell array 
No. 0 side by combining suitably twelve kinds fuse pre- 
decode signals outputted from the fuse pre-decoder 
circuits 520-1 ro 620-12 of the first group with twelve 
kinds of fuse pre-decode signals outputted from the fuse 
pre-decoder circuits 620-13 to 620-24 of the second 
group. The fuse decode signals faOOOx to fa063x 
generated by these fuse decoder circuits are inputted to 
the shift control circuits 640-2 to 640-m+l having 
substantially the same construction as those of the first 
ro third preferred embodiments, and the shift redundancy 
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operation is execursd, whenever necessary. Incidentally, 
the oarput signals jrfsrOx and hrfsrlx of the fuse 
c:.rcuits 601-1 and 601-4 for redundancy selection on the 
cell array No. 0 side are subjected to the level 
5 inversion by the fuse signal amplifying circuits for 

redundancy selection, respectively, and are then inputted 
to the shift control circuits 640-1 and 640-itn-2 for 
redundancy selection . 

On the other hand, the fourth preferred embodiment 

10 includes further fuse decoder circuits 631-1 to 631-in 
(where m is an arbitrary positive integer of 2 or more 
than 2f and is 64 in this case) for generating 64 fuse 
decode signals rfalOOx to rfal63xr that correspond to the 
total number of the selecting lines, on the cell array 

15 No. 1 Side by combining suitably twelve kinds of fuse 
pre-decode signals outputted from the fuse pre-decoder 
circuits 621-1 to 621-12 of the first group with twelve 
kinds of fuse prs-decode signals outputted from the fuse 
pre-decoder circuits 621-13 to 621-24 of t:he second 

20 group. The fuse decode signals rfaOOOx to rfal63x 

generated by these fuse decoder circuits are inputted to 
the shift control circuirs 641-2 to 641-m-^-l having 
substantially the same construction as those of the first 
to third preferred embodiments / and the shift redundancy 

25 operation is executed, whenever necessary. Incidentally, 
the output signals ]rfsrOx and jrfsrlx of the fuse 
circuits 602-1 and 602-14 for redundancy selection on the 
cell array No. 1 side are subjected to the level 
inversion by the fuse signal amplifying circuits for 

3 0 redundancy selection, and are then inputted to the shift 
control circuits 641-1 and 64l-m+2 for redundancy 
selection, 

when it is desired t.o execute the two-bit shift 
redundancy operation in both two adjacent cell arrays in 
35 the fourth preferred embodiment shown in Figs. 56 to 61, 
the fuses of all the fuse circuits for redundancy 
selection are cut and moreover, the fuses of a plurality 



of fuse circuits are cut in such a manner as to 
correspond to the fault selecting lines in which the 
fault occurs. In other words, the shift redundancy 
operation is executed in each ceil array by combining the 
fuse of the fuse circuit for redundancy selection, which 
is cut, with the fuse of rhe fuse circuit for normal 
selection, which is cut, 

Furthermore, when it is desired to execute the shift 
redundancy operation in only one of the cell arrays, both 
of two fuses of the fuse circuits for redundancy 
selection corresponding to rhis cell array are cut while 
the fuses of the fuse circuits for redundancy selection, 
that correspond to the other cell array, is left uncur. 
When it is desired rc execute the one-bit shift 
redundancy operation in one of the cell arrays, only one 
fuse of the fuse circuit corresponding to this cell array 
is cut. According -o this shift redundancy system, the 
two-bit or one-bit shift redundancy operation can be 
executed for 128 selecting lines of the two cell arrays, 
and degree of frsedoni of redundancy for the fuses for 
redundancy selection becomes higher than in the third 
embodiment in which two-bit or one-bit shift redundancy 
is executed for 64 selecting lines. 

Fig* 62 is a circuit diagram showing the 
construction of the fuse circuit for redundancy selection 
ia the fourth preferred embodinient; Fig. 63 is a circuit 
diagram showing the construction of the fuse circuit for 
forced redundancy m the fourth preferred embodiment; and 
Fig. 64 is a circuit diagram showing the construction of 
the fuse circuit for normal selection in the fourth 
preferred embodiment, in the fuse circuits shown in 
Figs. 62 to 64, vii (internal voltage) is used as the 
power source voltage of the power source for the "H" 
level of the selecting lines ^ while Vnwl is used as the 
power source voltage of the power source for the "L" 
level of the selecting lines - 

The construction of each of the fuse circuits for 
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redundancy selection, the fuse circui- for forced 
redundancy and the fuse circuit for normal selection is 
substantially the same as the construction in the third 
preferred embodiitient with the exception that the logic of 
5 the output signal is inverted in comparison with the 
third preferred embodiment . 

In Fig. 62, symbol sttx represents the control 
signal which remains at the "H" level until the power 
source becomes operative after the power source is 

10 switched on, and changes to the "L" level after the power 
source becomes operative. Symbol ftpz represents the 
control signal which rises to tne "H'* level when the 
forced redundancy operation is executed. The fuse 
circuit for redundancy selection shown in Fig. 62 

15 includes a P channel transistor 604r and an N channel 
transistor 60 6r to which the control signal sttx is 
inputted, a P channel transistor 605r and an N channel 
transistor 607r ro which the control signal ftpz is 
inputted^ an N channel transistor 60Sr and an inverter 

20 609r. when the fuse 603 r is not cut, the N channel 

transistor 6QSr is turned OFF and the output signal jrfsx 
of the fuse circuit for redundancy selection (output 
signals jrfsrOx and jrfsrlx on the cell array No, 0 side 
and output signals jrfslOx and jrfsllx on the cell array 

25 Ko. 1 side in Figs, 59 and 61) falls t:o the "L" level* 

when the fuse 60 3r is cut^ the N channel transistor 608r 
is turned ON and the outpur signal jrfsx of the fuse 
circuit for redundancy selection rises to the "H" level. 
However, because the level of the output signal jrfsx of 

30 this fuse circuit for redundancy selection is inverted by 
the later-appearing fuse signal amplifying circuit for 
redundancy selection shown in Fig, 65 and is then 
inputted to the shift control circuit, the "H" level 
output signal is supplied to the shift control circuit if 

35 the fuse 603r is not cut, and the "L" level output signal 
is supplied to the shift control circuit when the fuse 
603r is cut. 
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In Fig. €2/ when the power source becomes operative 
and the control signal sttx falls to the "L" level, and 
moreover, when the forced redundancy process is not 
executed, the N channel transistor 608r is turned off and 
5 the output signal jrfsx of the fuse circuit for 

redundancy selection changes to the "L" level, When the 
forced redundancy process is executed, the N channel 
transistor 6Q8r is turned ON and the output signal jrfsx 
of the fuse circuit for redundancy selection changes to 
10 the "K" level. In other words, when the forced 

redundancy process is executed ^ the result becomes the 
sair^e as when the fuse 603r o£ the fuse circuit for 
redundancy selection is cut. 

In Fig. 63, syrrbol ftpz represents the control 
15 signal which attains the "H" level when the forced 

redundancy operation is executed, as described above. 
The fuse circuit for forced redundancy shown in Fiq. 62 
includes a P channel transistor 604f and an N channel 
transistor 606f to which the control signal sttx is 
20 inputted, a ? channel transistor 605f and a N channel 
transistor 607f to which the control signal ftpz is 
inputted, an N channel transistor 60Sf and an inverter 
609f, When the fuse 603f is regarded as the object of 
forced redundancy and is allowed to look as being 
25 apparently cut in this case, the output signal rfsx of 

the fuse circuit for forced redundancy (corresponding to 
the output signals rfsOOx and rfslSx in Figs. 59 and 60) 
rises to the "H" level. It is possible to confirm under 
this state whether or not any fault exists in the 
30 redundancy selecting lines, 

The fuse circuit shown in Fig. 64 includes a P 
channel transistor 604 and an N channel transistor 605 to 
which the control signal sttx is inputted, an N channel 
transistor 606 and an inverter 60 7. When the power 
35 source becomes operative and the control signal sttx 

falls to the "L" level, the N channel transistor 606 is 
turned OFF if the fuse 603 is not cut, and the output 
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signal rfsx (rfstx) of the fuse circuit falls to the "L" 
level, when the fuse 603 is cut, the N channel 
transistor 60 € is turned ON and the output signal rfsx of 
the fuse circuit rises to the "H" level. 
5 Fig. 65 is a circuit diagram showing the 

construction of the fuse signal amplifying circuit for 
redundancy selection in the fourth preferred embodiment 
of the present invention, and Fig. 66 is a circuit 
diagram showing the construction of the fuse signal 
10 generating circuit in the fourth embodiment* 

The fuse signal amplifying circuit for redundancy 
selection shown in Fig. 65 comprises an inverter 612, In 
this fuse signal amplifying circuit for redundancy 
selection, rhe level of the output signal jrfsx of the 
15 fuse circui- for redundancy selection is inverted and 

amplified by the inverter 612 in order to supply the fuse 
signal rfajx for redundancy selection (corresponding to 
the fuse signals for redundancy selection rfajrOx and 
l'^" rfajrlx on the cell array No. 0 side and the fuse signals 

Q 20 for redundancy selection rfajlOx and rfajllx on the cell 

2^ a^-a-y No. i side) having a correct logic to the shift 

pj^j control circuit and to the fuse pre-decoder circuit. 

yf| On the other hand, the fuse signal generating 

=0 circuit shown in Fig. 66 comprises an inverter 613. This 

25 fuse signal generating circuit outputs the output signal 
rfs#x {rfa#x) itself of the fuse circuit for normal 
selection and the signal (rfa#z) obtained by inverting 
this output signal rf3#x by the inverter 613. In other 
words, this fuse signal generating circuit generates the 
30 complementary fuse signals rf#x/rfa#2. 

Fig. 67 is a circuit diagram showing the 
construction of the first fuse pre-decoder circuit in the 
fourth preferred embodiment of the present invention, and 
rig. 6B is a circuit diagram showing the construction of 
35 the second fuse pre-decoder circuit in the fourth 
preferred embodiment. 

The first fuse pre-decoder circuit shown in Fig, 67 
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comprises a NOR gate 622. two fuse signals rfaOy and 
rfaly (corresponding to two arbitrary signals of the fuse 
signals rf aOOx/rf aOOz and rf aOlx/rf aOlz outputted from 
the fuse signal generating circuits 610-2 and 610-3, for 
5 example) generated by different fuse signal generating 

circuits are inputted to this NOR gate 622, and the fuse 
signal for redundancy selection, that represents whether 
or not the fuse in the fuse circuit for redundancy 
selection is cut is input:t.ed to this NOR gate, too. The 

10 NOR gate 622 operates the NOR-dis junction among the three 
input signals, i.e., the fuse signals rfaOy and rfaly and 
the fuse signal for redundancy selection rfajx, and 
output the fuse pre-decode signal rfaa^fx. 

When T:he fuse in the fuse circuit for redundancy 

15 selection is not cut, the fuse signal rfajx for 

redundancy selection, which is obtained by inverting the 
level of Tihe ou-cput signal jrfsx of the fuse circuit for 
redundancy selection, rises to the "H" level as described 
above. Therefore; the fuse pre-decode signal rfaa#x 

20 outputted from the NOR gate 622 falls to the "L" level 
without regard to rhe levels of the two fuse signals 
rfaOy and rfaly. in this case, the notice that shift 
redundancy is nor executed is transferred by the fuse 
pre-decode signal rfaa#x to the side on which the fuse 

25 circuit for redundancy selection is disposed inside the 
cell array. 

When the fuse in the fuse circuit for redundancy 
selection is cur, on "the other hand, the fuse signal 
rfajx for redundancy selection, which is obtained by 

3 0 inverting the level of the output signal jrfsx of the 
fuse circuit for redundancy selection falls to the "L" 
level. In this case, therefore ^ shift redundancy is 
executed on the side in which the fuse circuit for 
redundancy selection is disposed in the cell array, and 

35 the fuse pre-decode signal rfaarrX of the or "L" level 
is outputted on the basis of the combination of the two 
fuse signals rfaOy and rfaly. 
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The fuse pre-decoder circuit shown in Fig, 68 
comprises a NOR gats 623, Two fuse signals rfbOy and 
rfbly generated by different fuse signal generating 
circuits (corresponding to arbitrary two of the fuse 
5 signals rfbOOx/rfbOOz and rf bO Ix/rfbO Iz outputted from 

the fuse signal generating circuits 610-4 and 610-4^ for 
example) or rfOy and rfcly are inputted to this NOR gate 
623, and the NOR gate 623 generates a plurality of kinds 
of fuse pre-decode signals (rfab#x or rfac#x). 

10 Fig. 69 is a circuit diagram showing the 

construction of the fuse decoder circuit in the fourth 
preferred embodiment of the present invention. This fuse 
decoder circuit comprises three NAND gates 632, 633 and 
634. Using these three NAND gates, che fuse decoder 

15 circuit generates a fuse decode signal (for example, 
rfa^x) for designating the address of the fuse 
corresponding to the fault selecting line by combining 
suitably the fuse pre-decode signals generated by 
different fuse pre-decoder circuits (for example, 

20 rfaaO^X; rfabO#x, rfacO#x, rfaa:#x and rfacO#x) . 

Fig. 70 is a circuit diagram showing the 
construction of the shift control circuit in the fourth 
preferred embodiment: of the presenr. invention. Each 
shift control circuit shown in Fig, 70 comprises a NOR 

2 5 gate and an inverter in rhe sair.e way as in the second 

preferred embodiment. 

In Fig. 70, symbol rfa#x represents an arbitrary one 
of the fuse decode signals rfaOOOx to rfa063x supplied 
from the fuse decoder circuits. The shift control 

3 0 circuit has substantially the same function as in the 

second preferred embodiment (Fig, 21), The input signal 
lin of the shift control circuit is connected to the 
output signal lout on the left adjacent side and the 
other input signal uin of the shift conrrol circuit is 
35 connected to the output signal uout on the right adjacent 
side. The "L" level (voltage vnwl) is inputted to the 
input signal lin at the left end and the input signal uin 
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at the right end. 

The explanation will be given in further detail. A 
NOR gate 642 is disposed on the side of the input signal 
lin of the shift control circuit for normal selection 
5 shown in Fig* 7 0 and the inverter 64 3 is disposed on the 
side of the output signal lout, on the other hand, the 
NOR gate 6 44 is disposed on the side of the input signal 
uin of the shift control circuit in Fig, 70 and the 
inverter 645 is disposed on the side of the output signal 
10 uout. 

The output signal scu outputted from the NOR gate 
644 disposed on the side of the input signal uin is used 
as the other input signal to the selecting line drive 
circuit (not shown in the fourth preferred embodiment; 

15 see Fig. 20 relating to the second preferred embodiment, 
for example). On the other hand, the output signal scl 
outputted from rhe NOR gate 642 disposed on the side of 
the input signal lin is used as one of the input signals 
to the selecting line drive circuit* These output 

20 signals scu and scl are used for controlling the 

operation of the three-directional switch device in the 
switch unit. 

Figs. 71 to 73 are olock diagrams Nos . 1 to 3 
showing tihe overall circuit construction of the fifth 

25 preferred embodiment of the present invention, 
respectively . 

The fifth preferred embodiment is directed to 
rela-cively improve degree of freedom of redundancy by 
applying the construction shown in Fig. 55, that is, the 

30 construction in which "when the shift redundancy 

operation is executed for the column selecting lines 
disposed for a plurality of row blocks, the redundancy 
operation in rhe row block is made possible by combining 
the address of the column selecting line as the object of 

35 shifi: redundancy with the logic of the address of the row 
block:" to the construction of the third preferred 
embodiment, that is, the construction "which generates 
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the fuse decode signal by designating the address of the 
fuse corresponding to the fault selecting line by the 
combination of a plurality of fuses" - 

The feature of the fifth preferred erubodiment 
5 resides in the following point. In the semiconductor 

memory device having the function of executing the shift 
redundancy operation of the column selecting lines for a 
plurality of row blocks (explained already in Fig. 53), 
the semiconductor memory device includes redundancy row 

10 block: select:ing circuits 770-1 to 770-4 for deciding 

whether or not redundancy is to be executed for each of 
the row blocks and row address logic circuits 780-1 and 
780-14 for generating the logic of the addresses of a 
plurality of row blocks on the basis of the outputs from 

15 these redundancy row block selecting circuits. The main 
constituent elements other than the redundancy row block 
selecting circuit and the row address logic circuit, such 
as the fuse circuit, the fuse pre-decoder circuit, the 
fuse decoder circuit and the shift control circuit, are 

20 substantially the same as those of the fifth preferred 

embodiments with only the exception that the logic of the 
output signal is inverted in comparison with the fifth 
preferred embodiment. 

In the fifth preferred embodiment, too, the number 

25 of necessary fuses xs reduced by decoding the signal 

generated by the combination of a plurality of fuses in 
the same way as in the fourth embodiment. For example, 
when the fuse decode signals corresponding to sixty-four 
column selecting lines are generated, sixty-four fuse 

30 decode signals can be generated by combining six fuses, 
Therefore, fourteen fuses inclusive of two fuses for 
redundancy selection may be prepared, in this case, the 
later-appearing circuits for generating the fuses for 
forced redundancy (that is, the fuse circuits for forced 

35 redundancy 701-2 and 701-8) have the function of 
confirming whether or not any fault exists in the 
redundancy selecting lines without cutting the fuses in 
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practice. 

The explanation will be given in further detail. 
The fifth preferred embodiment described above includes 
ten fuse circuits 701-3 to 701-7 and 701-9 to 701-13, two 
5 fuse circuits for redundancy selection 701-1 and 70-114 
and two fuse circuits 701-2 and 701-8 for forced 
redundancy. Furthermore, this embodiment includes a fuse 
signal amplifying circuit for redundancy selection 710-1 
for inverting the level of the output signal jcfsrOx 

10 outputTied from one of the fuse circuits for redundancy 
selection 7 01-1 and amplifying the signal and a fuse 
signal amplifying circuit for redundancy selection 710-14 
for inverting the level of the signal jcfsrlx outputted 
from the other fuse circuiT: for redundancy selection 701- 

15 14 and amplifying the signal. 

The fifth preferred embodiment further includes fuse 
signal generating circuits 710-2 to 710-7 for generating 
complementary fuse signals cf aOQx/cf a002 , cf aO Ix/cf aOls ^ 
cfbOOx/cfbOOz, cfbOlx/cfbOlz, cf cOOx/cf cOOs and 

20 cfcOlx/cfcOlz on the basis of the signal cfsOOx outputted 
from one of the fuse circui^is for forced redundancy 701-2 
and the signals cfsClx ro cfsOSx outputted from the fuse 
circuits 701-3 to 701-7. 

In the fifth preferred embodiment/ there are further 

25 disposed fuse pre-decoder circuits 720-1 to 720-12 on the 
outside of the fuse signal generating circuits 710-2 to 
710-7- These fuse pre-decoder circuits output twelve 
kinds of fuse pre-decode signals cfaaOOOx to cfaa003x, 
cfabOOOx to cfab003x and cfacOOOx to cfac003x, 

30 The fifth preferred embodiment described above 

further includes fuse signal generating circuits 710 8 to 
710-13 for generating complementary fuse signals 
cfcllx/cfcllz, cfclOx/cfclOz, cfbllx/cbllz^ 
cfblOx/cfblOz, cf allx/cf ailz and cf alOx/cf alOz on the 

3 5 basis of the signal cfslSx outputted from the other fuse 
circuit for forced redundancy 7 01-8 and the signals 
cfsl4x ZQ cfslOx outputted from the fuse circuits 701-9 
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to 701-13. 

In the fifth preferred embodiment described above^ 
fuse pre-decoder circuits 730-13 to 730-24 are disposed 
on the output side of the fuse signal generating circuits 
5 710-8 to 710-13. These fuse pre-decoder circuits output 
other twelve kinds of fuse pre-decode signals cfacOlOx to 
cfac013x, cfabOlOx to cfab013x and cfaaOlOx to cfaa013x 
by suitably combining the complementary fuse signals 
generated by the fuse signal generating circuits, 

10 Here^ the fuse signal for redundancy selection 

cfajrOx that represents whether or not the fuse in one of 
the fuse circuits 701-1 for redundancy selection is cut 
is supplied from the fuse signal amplifying circuit for 
redundancy selection 710-1 to the fuse pre-decoder 

15 circuits 730-1 to 730-4. The fuse signal for redundancy 
selection cfa^rlx that represents whether or not the fuse 
in the other fuse circuit for redundancy selection 701-14 
is supplied from the fuse signal amplifying circuit for 
redundancy selection 710-4 zo the fuse pre-decoder 

20 circuits 730-21 to 730-24. 

In the fifth preferred embodiment described above, 
there are further disposed fuse decoder circuits 750-1 to 
750-m (where m is an arbitrary positive integer of 2 or 
more than 2, and is 64 in this case) for generating 

25 sixty-four fuse decode signals cfaOOQx to cfa063x 

corresponding to the Tzotal number of the column selecting 
lines by combining twelve kinds of fuse pre-decode 
signals outputted from the fuse pre-decoder circuits 730- 
1 to 730-12 of the first group with twelve kinds of fuse 

30 pre-decode signals ou-putted from rhe fuse pre-decoder 

circuits 730-13 to 730-24 of the second group. The fuse 
decode signals cfaOOOx to cfa063x generated by these fuse 
decoder circuits are inputted to shift control circuits 
760-2 to 760-m-^l having substantially rhe same 

35 construction as those of the first to fourth preferred 
embodiments^ and the shift redundancy operation is 
executed, whenever necessary. Incidentally, after the 
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levels of the output signals jcfsrOx and jcfsrlx of these 
two fuse circuits for redundancy selection 701-1 and 701- 
14 are inverted by the fuse signal aiuplifying circuits 
fcr redundancy selection, respectively^ these signals are 
5 inputted to the shift control circuits for redundancy 
selection 760-1 and 760-in+2;r respectively. 

In the fifth preferred embodiment shown in Figs, 71 
to 73, when the shift redundancy operation is executed 
for the column selecting lines disposed for a plurality 

10 of row blocks in one meiuory cell block, the logic of the 
addresses RAl and RA2 of the row blocks is incorporated 
in the address of the column selecting line as the object 
of the shift redundancy operation. In this way^ the 
column selecting lines driven for a plurality of row 

15 blocks receive rhe logic of the address of the row block 
corresponding to the row block, and the redundancy 
operation can be executed in the row block unit. 

Fig. 74 is a circuit diagram showing the 
construction of the fuse circuit for redundancy selection 

20 in the fifth preferred eir.bodiment of the present 

invention; Fig. 75 is a circuit diagram showing the 
construction of the fuse circuit for forced redundancy in 
the fifth preferred embodiment; and Fig* 76 is a .circuit 
diagram showing the construction of the fuse circuit for 

2 5 normal selection in the fifrh embodiment. In the fuse 

circuits shown in Figs. 7 4 to 76, vii (internal voltage) 
is used as the power source voltage of the power source 
for the "H" level of the selecting lines, and Vss of the 
earth potential is used as zhe power source voltage of 

30 the power source fcr the "L" level of the selecting 
lines . 

The construction of each of the fuse circuit for 
redundancy selection, the fuse circuit for forced 
redundancy and the fuse circuit for normal selection 
35 shown in Figs, 74 to 76 is substantially the same as the 
construction in the fourth preferred embodiment with the 
exceptions that the logic of the output signal is 
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inverted with respect to the fourth embodiment and that a 
redundancy enable signal sftes (corresponding to sfte in 
later-appearing Fig. 35) is inputted to each of the two 
fuse circuits for redundancy selection • 
5 In Fig. 74, symbol sttx represents the control 

signal which remains at the "H" level until the power 
source becomes operative after the power source is 
switched on and then changes to the "L" level after the 
power source becomes operative, Synibol ftps represents 

10 the control signal which rises to the "H" level when 
forced redundancy is executed. The fuse circuit for 
redundancy selection shown in Fig. 74 includes a P 
channel transistor 703r and an N channel transistor 705r 
to which the control signal sttx is inputted, a P channel 

15 transistor 704r and an N channel transistor 706r to which 
the control signal ftpz is inputted, an N channel 
transistor 707r, an inverter 708r and a NAND gate 709r. 

when the fuse 7Q2r is not cut, the N channel 
transistor 707r is turned OFF and the output signals 

20 jcfsx of the fuse circuits for redundancy selection 

(corresponding to the output signals jcfsrOx and jcfsrlx 
shown in Figs, 71 and 73) rise to the "H" level. When 
the fuse 7C2r is cut, the N channel transistor is turned 
CN and if the redundancy enable signal sfte is at the "H" 

25 level in this instance, the output signal jcfsx of the 
fuse circuit for redundancy selection falls to the "L" 
level. IncidenTially, the level of the output signal 
jcfsx of this fuse circuit for redundancy selection is 
inverted by the fuse signal amplifying circuit for 

30 redundancy selection shown in later-appearing Fig. 77 and 
the signal is then inputted to the shift control circuit. 
Therefore, the "L" level output signal is supplied to the 
shift control circuit when the fuse 702r is not cut, and 
^ihe "H" level signal is supplied to the shift control 

35 circuit when the fuse 702r is cut (with the redundancy 
enable signal sfte remaining at the "H" level). 

When the power source becomes operative and the 



control signal st^x falls to the "L" level in Fig, 74, 
the channel transistor 707r is turned OFF and the 
ou-cput signal jcfsx of the fuse circuit for redundancy 
selection rises to the "K" level if the forced redundancy 
process is not executed, when the forced redundancy 
process is executed, the N channel transistor 707r is 
turned ON and the output signal from the inverter 70 8 
i-xses to the "H" level. Here, the output signal jcfsx of 
the fuse circuit for redundancy selection falls to the 
"li" level only when the redundancy enable signal sfte is 
at the "H" level. In other words ^ when the forced 
rsdundancy process is executed under the condition that 
the redundancy enable signal sfte is at the "H" levels 
the result becomes the same as when the fuse 702r of the 
fuse circuit for redundancy selection is cut. 

In Fig. 15 r syrr.bol ftps represents the control 
signal which rises to the "H" level when the forced 
redundancy process is executed^ as already described. 
The fuse circuit: for forced redundancy show in Fig* 7 6 
includes a P channel transistor 703f and an N channel 
transistor 705f to which the control signal sttx is 
inputted, a ? channel transistor 704f and an N channel 
transistor 706f to which the control signal ftpz -is 
inputted, an channel transistor 707f and two inverters 
7 0 8f and 7 0 9f, Here, when rhe fuse 70 2 f is regarded as 
the object of forced redundancy and is caused to look as 
being apparently cut, the output signal cfsx of the fuse 
circuit for forced redundancy (corresponding to the 
output signals cfsOOx and cfslSx in Figs. 71 and 72) 
falls to the "L" level* It is possible to confirm under 
this state whether cr not any fault exists in the 
redundancy selecting lines. 

The fuse circuit shown in Fig* 76 includes a p 
channel transistor 703 and an N channel transistor 704 to 
which the control signal sttx is inputted, an N channel 
brans isror 7 05 and two inverters 7 06 and 7 07. When the 
power source becomes operative and the control signal 
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sttx falls to the "L" level, ths N channel transistor 705 
is turned OFF and the output signal cfsx (cfsfx) of the 
fuse circuit rise to the "H" level if the fuse 702 is not 
cut. When the fuse 702 is cut/ the N channel transistor 
5 705 is turned ON and the output signal cfsx of the fuse 
circuit falls to the "L" level. 

Fig. 77 i$ a circuit diagram showing the 
construction of the fuse signal amplifying circuit for 
redundancy selection in the fifth preferred embodiment, 

10 and Fig. 7 8 is a circuit diagram showing the construction 
of the fuse signal generating circuit in the fifth 
preferred embodiment. 

The fuse signal amplifying circuit for redundancy 
selection shown in Fig. 77 comprises an inverter 711. in 

15 this fuse signal amplifying circuit for redundancy 

selection, the level of the output signal jcfsx of the 
fuse circui-:: for redundancy selection is inverted and the 
signal is then amplified by the inverter 711 in order to 
supply the fuse signal cfajx having the correct logic 

20 (corresponding to the fuse signal for redundancy 

selection cfajrOx and cfajrlx in Figs. 71 and 73) to the 
shift control circuit and the fuse pre-decoder circuit. 

On ths other hand, the fuse signal generating 
circuit snown in Pig, 7S comprises an inverter 712. This 

25 fuse signal generating circuit outputs the output signal 
cfs#x (cfa^x) itself of the fuse circuit for normal 
selection and the signal (cfa#2) obtained by inverting 
this output signal cts^x by the inverter 712- In other 
words r the fuse signal generating circuit generates the 

30 complementary fuse signals cfalx/cfatz. 

Fig. 79 is a circuit diagram showing the 
construction of the first fuse pre-decoder circuit in the 
fifth preferred embodiment of the present invention and 
Fig, 8 0 is a circuit diagram showing the construction of 

3 5 the second fuse pre-decoder circuit in the fifth 
preferred embodimsnt. 

the first fuse pre-decoder circuit shown in Fig. 79 
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comprises a NAND gate 731. Two fuse signals cfaOy and 
cfaly generated by different fuse signal generating 
circuits (corresponding to arbitrary two of the fuse 
signals cf aOOx/cfaOOz and cf aOlx/cf aOlz outputtad from 
the fuse signal generating circuits 710-2 and 710-3^ for 
example), and a fuse signal cfajx for redundancy 
selection, than represents whether or not the fuse in the 
fuse circuits for redundancy selection is cut, are 
inputted to the NAND gate 731. Fur-thermore , the NAND 
gate 731 operates the non-conjunction among the three 
input signals, that iS, the fuse signals cfaOy and cfaly 
and the fuse signal cfajx for redundancy selection^ and 
outputs the fuse pre-decode signal cfaa#x. 

Hera, when the fuse in the fuse circuit for 
redundancy selection is not cut, the fuse signal for 
redundancy selection cfajx, thar is obtained by inverting 
the level of the output signal jcfsx of the fuse circuit 
for redundancy selection, falls to the "L" level as 
described above. Therefore/ the fuse pre-decode signal 
cfaa#x outputtad from the NAND gate 622 rises to the "H" 
level irrelevantly to the levels of the two fuse signals 
cfaOy and cfaly. In this case, the fuse pre-decode 
signal cfaa#x transfers the report that the shift 
redundancy process is not executed on the side in which 
the fuse circuit for redundancy selection inside the 
luemory cell block is disposed. 

when the fuse in the fuse circuit for redundancy 
selection is cut, on the other hand, the fuse signal 
cfajx for redundancy selection, that is obtained by 
inverting the level of the output signal jcfsx of the 
fuse circuit for redundancy selection, rises to the "H" 
level. In this case, therefore, the shift redundancy 
process is executed on the side in which the fuse circuit 
for redundancy selection in the cell array is disposed, 
and the "H^' or "L" level fuse pre-decode signal cfaaTX is 
Qutputted on the basis of the combination of the two fuse 
signals cfaOy and cfaly. 
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The fuse pre-decoder circuit shown in Fig- 80 
comprises a NAND gate 732. Two fuse signals cfbOy and 
cfbly generated by dirferent fuse signal generating 
circuits (corresponding to arbitrary two of the fuse 
5 signals of bOOx/cfbOOz and cfbOlx/cfbOls outputted from 

the fuse signal generating circuits 710-4 and 710-5, for 
example) or cfcOy an cfciy are inputted to this IJA:nd gate 
732, and this NAND gate generates a plurality of kinds of 
fuse pre-dscode signals (cfab^^x or cfac#x), 

10 Fig. 81 is a circuit diagram shoving the 

construction of the fuse decoder circuit in the fifth 
preferred embodiment of the present invention. The fuse 
decoder circuit shown in Fig. 81 comprises three NOR 
gates 751, 752 and 753. Using these three NOR gates, the 

15 fuse decoder circuit generates the fuse decode signal 

(for example, cfa#x) for designating the address of the 
fuse corresponding to the fault selecting line by 
suitably combining the fuse pre-decode signals generated 
by different fuse pre-decoder circuits (for example, 

20 ctaaO#x, cfabO#x, cfacO#x, cfaaltx and cfacltx) * 
Fig, 82 is a circuit diagram showing rhe 
construction of the shift control circuit in the fifth 
preferred embodiment of the present invention. Each 
shift control circuit shown in Fig. 82 comprises a NAND 

25 gate and an inverter unlike the fourth preferred 
embodiment . 

In Fig. 82, symbol cfa#x represents an arbitrary one 
of the fuse decode signals cfaOOOx to cfa063x supplied 
from the fuse decoder circuits. The shift control 

30 circuit has substantially the same function as that of 
the first preferred embodiment (Fig. 7). The input 
signal lin of the shift control circuit is connected to 
the left adjacent output signal lout, and the other input 
signal uin of the shift control circuit is connected to 

35 the right adjacent output signal uout. The "H" level 

(voltage Vii) is inputted is inputted to the input signal 
lin at the left end and to the input signal uin at the 
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right end. 

The explanation will be given in further detail. 
The NAND gate 761 is disposed on the side of the input 
signal lin of the shift control circuit for normal 
5 selection shown in Fig. 82, and the inverter 762 is 

disposed on the side of the output signal lout. On the 
other hand, the NAND gare 762 is disposed on the side of 
the input signal uin of zhe shift control circuit shown 
in Fig. 82, and the inverter 764 is disposed on the side 

10 of the output signal uout. 

The output signal uout outputtsd from the inverter 
764 is used as rhe other input signal (signal scu in Fig. 
6) of rhe selecting line drive circuit (not shown in the 
fifth preferred embodiment; refer to Fig, 6 relating to 

15 the first preferred embodiment, for example). On the 
other hand/ the output signal lout outputted from the 
inverter 7 62 is used as one of the input signals (signal 
scl in Fig. 6) of the selecting line drive circuit. 
These output signals uout and lout are used for 

20 controlling the operation of the three-directional switch 
device in the switch unit. 

t^ext, the concrete structural example of the eight 
redundancy row block selecting circuits 770-1 to 770-4 
(Fig, 71) and 770-1 to 770-4 (Fig- 73), two row address 

25 logic circuits 730-1 (Fig, 71) and 780-13 (Fig. 73), and 
their operations, will be explained. 

Fig, 83 is a schematic view showing an example of 
the state of four row blocks existing in each memory cell 
block in the fifth preferred embodiment of the present 

3 0 invention; Fig, 34 is a circuit diagram showing the 
construction of the redundancy row block selecting 
circuit in the fifrh preferred embodiment; Fig, 85 is a 
circuit diagram showing the row address logic circuit in 
the fifth preferred embodiment; and Fig> 86 is a timing 

3 5 chart useful for explaining the operation of the row 
address logic circuit shown in Fig, 85. 

The explanation will be given hereby on the four row 
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blocks 6r-0 to 6r-3 existing in each memory cell block 
shown in Fig. 83. The first block 6r-0 is selected when 
the logic of the addresses RAO and RAl of the row block 
is "0" (for example, the "L'' level), and the second row 
block 6r-l is selected when the logics of the addresses 
RAO and RAI of the row block are "1" (for example, the 
"H" level) and "0'% respectively. The third row block 
6r-2 is selected when the logics of the addresses RAO and 
Ral of the row block are "0" and "1", respectively, and 
the fourth row block 6r-3 is selected when the logics of 
the addresses HAO and RAl of the row block are "1" and 
" 1" , respectively- 

Each redundancy row block selecting circuit (any one 
of 770-1 to 770-4 and 770-14 to 770-17) shown in Fig, 84 
includes a ? channel transistor 772 and an N channel 
transistor 773 to which the control signal sttx is 
inputted, an N channel iiransistor 774 and two inverters 
775 and 776. when the power source becomes operative and 
the coniirol signal sttx falls to the "L" level, the N 
channel transistor 77 4 is turned OF? and the output 
signals fO to f3 rise to the ''H" level if the fuse 771 is 
not cut. Whan the fuse 771 is cut, the N channel 
transistor 774 is turned ON and the output signals fO to 
f5 fall to the "i." level. 

The row address logic circuit 730-1 or 780-14 shown 
in Fig, 85 includes four NOR gates 783, 785, 78.7 and 789 
to which four corrijinations of logics obtained by 
selecting two kinds of logics from the two kinds of 
logics of the addresses RAO and RAl of the four row 
blocks and two kinds of logic obtained by inverting the 
logics or KAO and RAl by inverters 781 and 7 82, 
respectively, as the input. In this case, any one of the 
output signals of the four NOR gares 783, 785, 787 and 
789 rises to the "H" level in such a manner as to 
correspond to the row block selected on the basis of the 
logics of the address J?AO and RAl of the row block, when 
the logics of the addresses RAO and RAl of the row block 
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are '"0" and ^'0"^ for example, the output signal of the 
first NOR gate 793 rises to the ''H" level while the 
output signals of the other NOR gates all change to the 
"L" level, so that the first row block is selected. 

5 Similarly, the output signals of the second to fourth NOR 
gates rise to the "H" level in accordance with the logics 
of the addresses of ?JiO and RAl of the row blocks and the 
second to fourth row blocks 6r-l to Sr-S are selected. 
Four NAND gates 7 34, 786, 798 and 790 are disposed 

10 on the output side of these NOR gates 733, 785, 787 and 
789. One of the output signals from the NOR gates 73, 
785, 787 and 789 and one of the output signals fO to f3 
from the redundancy row block selecting circuit are 
inputted to each of these HAND gates 784, 786, 788 and 

15 79Q, A HAND gats 91 is disposed on the output side of 
the HAND ga-ces 784, 7S6 , 788 and 790. When the shift 
redundancy process is e>:ecuted for the selected row 
block, the fuse in the redundancy row block selecting 
circuit corresponding to 'chis selected row block is not 

20 cut. Therefore, the output signal (any one of fO to f3) 
of the redundancy row block selecting circuit rises to 
the "H'^ level. Therefore, the output signal of the NOR 
gate, to which the "H" level output signal from the 
redundancy row block selecting circuit and the "H" level 

25 output signal of the NAND gate corresponding to the 
selected row block are applied as the input signals, 
changes to the "L" level. This "L" level output signal 
is outputted as the "H" level output signal through the 
NAND gate 79 . 

30 A redundancy row block data latch circuit 792 

including a data latch unit for latching the dara as to 
whether or not shift redundancy is to be executed for the 
selected row block is disposed on the output side of the 
HAND gate 791 described above. This redundancy row block 

35 data latch circuit 792 includes an inverter 794 for 

inverting the level of the output signal of the NAND gate 
791, two NAND gates 79 3 and 795 for receiving the 



sampling puLse and the ourput signals of the NAND gate 
7^1 and the inverter 794 as the input signals thereof, 
and a data latch unit comprising two naND gates 796 and 
7S7, This data latch unit outputs the redundancy enable 
signal sfte which enables to execute shift redundancy for 
selected row block* 

When the shift redundancy process is not executed 
for only the first row block 6r-0 but is made for the 
other row blocks as shown in Fig, 83, the fuse in the 
redundancy row block selecting circuit outputs the output 
signal fO so as to bring the output signal fO to the "L" 
level. The fuses of the other redundancy row block 
selecting circuits are not cut (the output signals fl to 
f3 rise to the "H" level). 

Next, when the first row block 6r-0 is selected (RAO 
^ "0"^ RAl = *'0"), the output signal of the fist NOR gate 
783 rises to the "H" level and the output signal of the 
first NAND gate 784 rises to the '^H'^ level (with the node 
nOO rising to the "K" level). The output signals of the 
other NOR gates all change to the *'L" level. Therefore, 
the output signals of the second to fourth 1?3AND gates all 
rise to the "H" level (with nodes nOl to n03 changing to 
the "K" level). As a result, because the input signals 
of the NAND gate 791 are all at the "H" level, the NAND 
gate 791 outputs the "L" level output signal (with the 
node n04 at the "L" level). The "L" level signal of the 
node nQ4 passes through the redundancy row block data 
latch circuit and is cutputted as the same "L" level 
redundancy enable signal sfte. when the redundancy 
enable signal sfte is at the "L" level, the output signal 
of the fuse circuit for redundancy selection becomes the 
"H" level irrespective of the state of the fuse of the 
fuse circuit for redundancy selection, and the shift 
redundancy operation is not executed in the selected 
first row block 6r-0. 

When the third row block 6r-2 is selected (RAO =''0'\ 
RAl = "1"), the output signal of the third NOR gate 787 
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changes to the "H" level. Consequently, the output signal 
of the third NAND gate 788 changes to the "L" level. On 
the other hand^ since the output signals of the other NOK 
gates are all at the "L" level, the output signals of the 
5 first NAND gate 784^ the second NAND gate 786 and the 
fourth NAND gate 790 all change to the "H" level. In 
other words, the node n0 2 is at the "L" level, the nodes 
nOO, nOl and n03 are at the "H" level. Therefore^ the 
NAND gate 791 outpurs the "H" level output signal (with 

10 n04 at the "H" level) and the redundancy enable signal 
sfte changes to the "H" level, when the redundancy 
enable signal sfte is at the "E" level, the level of the 
output signal of the fuse circuit for redundancy 
selection is determined in accordance with the state of 

15 the fuse of the fuse circuit for redundancy selection. 
Therefore, the shift redundancy operation for the 
selected -chird row block 6r-2 can be executed by cutting 
the fuse of the fuse circuit for redundancy selection. 
Similarly, it is possible to execute the shift 

20 redundancy operat:ion for the first and fourth row blocks 
without executing the shift redundancy operation for the 
second and third row blocks. in this case, the fuses of 
the redundancy row block selecting circuits outputting 
the output signals fl and f2 are cut so as to bring the 

25 output signals fl and f2 to nhe "L" level, and the fuses 
of the redundancy row block selecting circuits outputting 
the output signals fO and f3 are not cut, so that the 
output signals fO and f3 changes to the "H" level. 
Here, when the second or third row block is 

30 selected, the outpur signals of the first to fourth NAND 
gates 784, 7Sg, 788 and 790 all change to the "H" level 
(with nOO to n03 being at the "H" level). Therefore, the 
NAND gate 791 outputs the "L" level output signal (with 
n04 being at the "L" level), and the redundancy enable 

35 signal sfte, too, falls to the "L" level, so that the 
shift redundancy operation is not executed in the 
selected row block. 
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When the first or fourth row bloc3c is selected, 
either one of the first and fourth NAND gates 734 and 790 
outputs the "L" level output signal. Therefore, the NAND 
gate 7?l outputs the "H" level output signal (with n04 
5 being at the "H" level). Consequently^ the redundancy 
enable signal sfte, too, changes to the "H" level, and 
the shift redundancy operation can be executed in the 
selected row block. 

The function of the redundancy row block selecting 

10 circuits 770-1 to 770-4 and 770-14 to 770-17 and the 

function of the row address logic circuits 780-1 and 780- 
14 can be suzninarised as follows. 

When the fuse m the redundancy row block selecting 
circuit corresponding to the row block not executing the 

15 stiift redundancy operation is cut in advance, the 

redundancy enable signal sfta changes to the "L** level 
when the row block, zhat does not execute this shift 
redundancy operation, is selected, and the shift 
redundancy operation is not executed in this selected row 

20 block. On the contrary, when the fuse in the redundancy 
row block selecting circuit corresponding to the row 
block that executes the shift redundancy operation is 
left uncut, the redundancy enable signal sfte changes to 
the "H" level when the row block executing this shift 

25 redundancy operation is selected, and the shift 

redundancy operation is executed for the selected row 
block. 

The operation of the redundancy row block data latch 
circuit 792 in the row address logic circuit 780-1 will 
30 be explained with reference to the timing chart of Fig. 

When ir is desired to leave the node n04 at the "H" 
level while the node nOi to n03 is left at the "H" level 
{(b) of Fig. 86) and the node nOO at the "L" level ({a) 
35 of Fig. 86), that is, when it is desired to execute the 
shift redundancy operation, the node n04 will fall 
temporarily to the "L" level as it is effected by the 
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node noo if the node r.OO rises temporarily to the "H" 
level . 

The redundancy row block data latch circuit 792 is 
disposed in order to prevent such a problem. Here, the 
5 state before the node nOO rises temporarily to the "H" 

level is latched by the rise of the signal generating the 
pulse (sampling pulse) at the timing shown in Pig. 86(d), 
and such a latched s^ate is outputted as the redundancy 
enable signal sfte (rig. 86(e)). The level of the 

10 redundancy enable signal sfte at this time is the same as 
the level of the node n0 4 as described above. Therefore, 
if the node n04 is at the "H" level, the level of the 
redundancy enable signal sfte is the "K" level, and if 
the former is the "L" level, the latter is the as 

15 well. Therefore, rhe selection can be made in such a 
fashion thac when the signal of tha address of the row 
blocks that selsctis a specific row block, is applied^ the 
shift redundancy operation is executed and when the 
signals of the addresses of orher row blocks are applied, 

20 the shift redundancy operation is not executed. In this 
wayr the degree of freedom of redundancy can be 
relatively increased . 

Figs. 3 7 and 8S are block diagrams Nos. 1 and 2 
showing the overall construction of the sixth preferred 

25 embodiment of the present invention^ respectively. 

The sixth preferred embodiment shown in Figs, 87 and 
88 is directed to relatively increasing the degree of 
freedom of redundancy by applying the construction of 
Fig. 5/ that is, "the construction which makes it 

30 possible to execute the shift redundancy operation in the 
row block unit by cc.mbining the address of the column 
selecting line as the object of the shift redundancy 
operation with the logic of the address of the row block 
when the shift redundancy of the column selecting lines 

3 5 disposed for a plurality of row blocks", to the 

construction of the first preferred embodiment/ that is, 
"the construction in which the fuse circuits and the fuse 
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c:.rcuits for redundancy selection are disposed so as to 
correspond on rhe 1:1 basis to a plurality of selecting 
lines (hers^ column selecting lines) and to the 
redundancy selecting lines", 
5 The feature of the sixth preferred einbodiment 

resides in the following points, in a semiconductor 
ttiemory device having the function of executing the shift 
redundancy operation of column selecting lines disposed 
for a plurality of row blocks in the same way as in the 

10 fif-ch preferred embodiment^ this sixth preferred 

einbodiiuent includes redundancy row block selecting 
circuits 850-1 to 850-4 (Fig, 87) and 850-64 to 850-67 
(Fig. 88} each having a fuse for deciding whether or not 
execute the redundancy operation for each of the row 

15 blocks, row address logic circuits 860-1 (Fig. 87) and 
860-64 (Fig. 33) for generating the addresses of a 
plurality of row blocks on -he basis of the outputs from 
these redundancy row block selecting circuits. The main 
constituent elements other rhan the redundancy row block 

20 selecting circuit and the row address logic circuit, such 
as the fuse circuit for redundancy selection, the fuse 
circuit and the shift control circuit, are substantially 
the same as those of the first preferred embodiment. 

The explanation will be given in further detail. In 

25 the sixth preferred embodiment, sixty-two fuse circuits 
610-0, 810-2 T,o 810-61 and 810-63 and two fuse circuits 
for forced redundancy 310-2 and 810-62/ each having a 
fuse for normal selection, are so disposed as to 
correspond on the 1:1 basis zo the column selecting 

30 lines. Two fuse circuits for redundancy selection BlO-rO 
and 810-rI are disposed so as to correspond to two 
redundancy selec^iing lines. 

A plurality (S4) of fuse circuits inclusive of the 
fuse circuits for forced redundancy are connected on the 

35 L:l basis to a plurality of shift control circuits (64, 
in total) 93C-0 to 330-63 having substantially the same 
construction as those of the first preferred embodiment. 
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The output signals cfsOOO, cfsOQ2 to cfs061 and cfs063 
generated by the fuse circuits for noritial selection and 
the output signals cfsOOl and cfs062 generated by the 
fuse circuit for forced redundancy are inputted to a 
5 plurality of shift control circuits 830-0 to 830-63, 

respectively. The output signals cfsrjO and cfsrjl of 
the two fuse circuits for redundancy selection 810-1 and 
810-62, too, are inputted to the shift control circuits 
830-rO and 830-rl, respectively, 
10 In the same way as in -che fifth preferred 

embodiment, this sixth preferred embodiment can execute 
the redundancy operation in the row block unit when the 
shift redundancy operation is executed for the column 
selecting lines disposed for a plurality of row blocks 
15 inside one mer?^ory cell block, by incorporating the logics 
of the addresses and RAl of the raw block into the 

address of the col^^.n selecting line as the object of 
shift redundancy so i:hat the column selecting lines 
driven for a plurality of reck blocks can receive the 
20 logic of the address of the corresponding row block- 
Fig. B9 is a circuit diagram showing the 
consrruction of -he fuse circuit for redundancy selection 
in the sixth preferred embodiment of the present 
invention; Fig, 50 is a circuit diagram showing the 
25 construction of the fuse circuit for forced redundancy; 

and Fig* 91 is a circuit diagram showing the construction 
of the fuse circuit for normal selection in the sixth 
preferred embodiment, In the fuse circuits shown in 
Figs. 8 9 to 91, vii {internal voltage) is used as the 
30 power source voltage of the power source for the "H" 

level of the selecting lines, and the earth potential Vss 
is used as the power source voltage of the power source 
for the "L" level of the selecting lines - 

The construction of each of the fuse circuit for 
35 redundancy selection, the fuse circuit for forced 

redundancy and the fuse circuit for normal selection 
shown in Figs. 89 to 91 is substantially the same as that 
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of the fifth preferred embodiment with the exceptions 
that the logic of the output signals is partially 
inverted with respect to the fifth preferred embodimenr, 
and that the redundancy enable signal sftex 
5 (corresponding to later-appearing sfte in Fig. 94) is 

inputted to each of rhe nvo fuse circuits for redundancy 
selection * 

In Fig. 89, symbol sttx represents the control 
signal which remains at the "H" level until the power 

10 source becomes operative after the power source is 

switched on and changes to the "L" level after the power 
source becomes operative. Symbol ftpx represents the 
control signal which attains the "H" level when the 
forced redundancy operation is executed. The fuse 

IS circuit for redundancy selection shown in Fig* 89 

includes a ? channel transistor 912r and an N channel 
transistor 8l4r to wnich the control signal sttx is 
inputted, a P channel transistor 913r and an N channel 
transistor 8-5r to which the control signal ftps is 

20 inputted, an N channel transistor 816r, an inverter 817r, 
a NAND gate 8l3r and an inverter 819 on the output side, 
when the fuse 9:ir is not cutr the N channel transistor 
816r is turned OFF and the output signal cfsrjx 
(corresponding to the output signals cfsrjO and cfsrjl in 

2 5 Figs, 87 and SS) of the fuse circuit for redundancy 

selection falls to the "L" level, when the fuse aSlr is 
cut, the N channel transistor 816r is turned ON and the 
output signal cfsrjx of the fuse circuit for redundancy 
selection rises to the "H" level if the redundancy enable 

3 0 signal is at the "H" level. The level of the output 

signal cfsrjx of this fuse circuit for redundancy 
selection is transferred as such to the shift control 
circuit . 

When the power source becomes operative and the 
35 control signal sttx falls to the "L" level in Fig. 89, 
the N channel transistor is turned OFF and the output 
signal cfsrjx of the fuse circuit for redundancy 



selection falls to the **L" level if the forced redundancy 
operation is not executed. when the forced redundancy 
operation is executed, the N channel transistor 816r is 
turned ON and the output signal from the inverter ai7r 
changes to the "H" level. Here, the output signal from 
the inverter 817r changes to the "H" level only when the 
redundancy enable signal sfte is at the "H'* level. 
Therefore, the output signal cfsrjx of the fuse circuit 
for redundancy selection rises to the "H" level. In 
other words, when the forced redundancy operation is 
executed under the condition that the redundancy enable 
signal sfte is at the "H" level , the result becomes the 
same as the result when i:he fuse 8iir of the fuse circuit 
for redundancy selection is cut, 

In Fig. 90, symbol ftpz represents the control 
signal which attains the "H" level when the forced 
redundancy operation is executed, as described above. 
The fuse circuit for forced redundancy shown in Fig. 90 
includes a P channel transistor 812f and an N channel 
transistor 814f to which the control signal sttx is 
inputted, a P channel transistor 813f and an N channel 
transistor 815f to which the control signal ftps is 
inputted, an N channel transistor 816f and two inverters 
817f and 8I8f . Here, when the fuse 8ilf is the object of 
forced redundancy and this fuse 81 If is made to look as 
being apparently cut, the output signal cfsx of the fuse 
circuit for forced redundancy (corresponding to the 
output signals cfsOOl and cfs062 in Figs- 87 and 88) 
changes to rhe "L'' level. It is possible to confirm 
under this state whether or not any fault exists in the 
redundancy selecting lines. 

The fuse circuit shown in Fig. 91 includes a P 
channel transistor S12 and an N channel transistor 813 to 
which the control signal sttx is inputted, an N channel 
transistor 814^ and two inverters 815 and 816, When the 
power source becomes operative and the control signal 
sttx falls to the "L'^ level, the N channel transistor 814 
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is turned OFF and the output signal cfsx of the fuse 
circuit (corresponding to the output signals cfsOOO, 
Gfs002 to cfsoei and cfs063 in Figs, 87 and 88) rises to 
the "H" level if the fuse 811 is not cut- When the fuse 
5 811 is cu-C;. the N channel transistor 916 is turned ON and 
the output signal cfsx of the fuse circuit falls to the 
"L" level. 

Fig. 92 is a circuit diagram showing the 
construction of the shift control circuit in the sixth 

10 preferred embodiuient of the present invention. Each 

shift control circuit shown in Fig. 92 comprises a NAND 
gate and an inverter in the same way as in the fifth 
preferred embodiment. 

In Fig. 32 f symbol cfs represents an arbitrary one 

15 of the outputs cfsOOC to cfa0063 generated by the fuss 
circuits as described above. The shift control circuit 
has substantially zhe same function as that of the first 
preferred embodiment (Fig. 7). The input signal lin of 
the shift control circuit is connected to the left 

20 adjacent output signal lout and the other input signal 
uin is connected to the right adjacent output signal 
uout. The "H" (voltage Vii) is inputted to the input 
signal lin at the lef- and to the input signal uin at the 
right end. 

25 The explanation will be given in further detail, A 

NAND gate 931 is disposed on the side of the input signal 
lin of the shift control circuit for normal selection 
shown in Fig, 92, and the inverter 832 is disposed on the 
side of the output signal lout. On the other hand, the 

30 NAND gats 833 is disposed on the side of the input signal 
uin of the shifT: control circuit shown in Fig. 92 and the 
inverter 33 4 is disposed on the side of the output signal 
uout. 

The output signal uout outputted from the inverter 
35 334 is used as the other input signal (signal scu in Fig, 
6) of the selecting line drive circuit (not shown in the 
sixth preferred embodiment; see Fig. 6 relating to the 
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first preferred embodiment). On the other hand, the 
output signal lout outputted from the inverter 832 is 
used as one of the input signals (signal scl in Fig, 6) 
of the selecting line drive circuit, these output 
5 signals uout and lout are used for controlling the 

operation of the three-directional switch device in the 
swirch unit. Incidentally, the construction of each 
shift control circuit for redundancy selection 330-rO and 
830-rl is substantially the same as that of the shift 

10 control circuit for normal selection- Therefore, the 
detailed explanation of the shift control circuit for 
redundancy selection will be hereby omitted. 

Next, the concrete structural example of the 
redundancy row block selecting circuits 850-1 to 850-4 

15 (Fig. 87) and 350-64 to 850-67 (Fig. 88) and the row 

address logic circuits 860-1 (Fig. 37) and 860-64 (Fig. 
88) will be explained. 

Fig. 93 is a circuit diagram shoving the 
construction of the redundancy row block selecting 

2 0 circuit in tihe sixth preferred embodiment of the present 
invention, and Fig. 94 is a circuit diagram showing the 
construction of t:he row address logic circuit in the 
sixth preferred errJDodimen'c . The construction of each of 
these redundancy row block selecting circuit and row 

2 5 address logic circuit is substantially the same as that 
of the fifth preferred embodiment. Therefore, the 
explanation will be simplified much more than in the case 
of the fifth preferred embodiment. 

In the six-ch preferred embodiment, too^ four row 

30 blocks 6r-0 to 6r-3 existing in each memory cell block 

will be explained. When the logics of the addresses RAO 
and RAl of the row block are-'O" and "0'\ respectively, 
the first row block 6r-0 is selected, and when the logics 
of the addresses RAO and RAl are "1'^ and "0", 

35 respectively, the second row block 6r-l is selected. 

Furthermore, when the logics of the addresses RAO and RAl 
are "0" and "1", respecrively , the third row block 6r-2 
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is selected and when the logics of the addresses RAO and 
RAl of the row blocks are "1^* and "1", respectively, the 
fourth row block 6r-3 is selected. 

Each redundancy row block selecting circuit shown in 
5 Fig. 93 {any one of 850-1 to 850-4, 850-64 to 950-6) 
includes a ? channel transistor 852 and an N channel 
transistor 853 to which the control signal sttx is 
inputted, an N channel transistor 854 and two inverters 
8 55 and 856- When the power source becomes operative and 

10 the control signal sttx falls to the "L" level, the N 
channel -cransistor 854 is turned OFF and the output 
signals fO to f3 rise to the "H" level if the fuse 851 is 
not cut. When the fuse 851 is cut, the N channel 
transistor 854 is turned ON and the output signals fO to 

15 f3 fall to the "L" level. 

The row address logic circuit 860-1 or 860-64 
includes four NOR gates 863, 855, 667 and 869 using, as 
the input signals thereof, four combinations obtained by 
selecting two kinds of logics, from among two kinds of 

20 logics of the addresses RAO and RAl of the four row 

blocks and two kinds of logics obtained by inverting the 
former by the inverters 861 and 862, respectively. In 
this case, the output signal of any one of four NOR gates 
863, 565/ 867 and 369 rises to the "H" level in such a 

25 manner as to correspond to the row block selected on the 
basis of the logics of the addresses RAO and RAl of the 
row block « 

Four NAND gates 864, 866, 868 and 870 are disposed 
on the output side of these NOR gates 863, 865, 867 and 

30 869, respectively. One of the output signals outputted 
jfrom the NOR gates 363 , 365 , 867 and 869 and one of the 
output signals fO to f3 from the redundancy row block 
selecting circuit are inputted to each of these NAND 
gates 864, 866, 868 and 870, A NAND gate 871 is further 

35 disposed on the output side of the NAND gates 864, 866, 
i56S and 870. When the shift redundancy operation is 
executed for the selected row block, the fuse in the 
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redundancy row block selecring circuit corresponding to 
this row block is not cut. Therefore, the output signal 
(any one of fO to f3) of this redundancy row block 
selecting circuit rises to the "H" level. Therefore, the 
output signal of the NOK gate, that uses the "H" level 
output signal from the redundancy row block selecting 
circuit and the "H" level output signal of the NAND gate 
as the input signals thereof, falls to the "L" level. 
This "L" level output signal is outputted as the "H" 
level signal through rhe NAND gate 371, 

On the output side of the NAI:iD gate 871 is disposed 
the redundancy row block data latch circuit 872 including 
a data latch uni^i for latching the data as to whether or 
not the shift redundancy operation is to be executed for 
the selected row. This redundancy row block data latch 
circuit 872 includes an inverter 674 for inverting the 
level of the output signal of the NAND gate 871, two NAND 
gates 873 and 875 having the sampling pulse r the output 
signal of the NAND gazs and zhe output: signal of the 
inverter 374 as the input signals thereof, and a data 
latch unit comprising two NAND gates 876 and 377. This 
data la-cch unit outputs the redundancy enable signal sfte 
that enables x.o execute the shift redundancy operation 
for the selected rcw block. 

First, when the shift redundancy operation is not 
executed for only the first row block 6r-0 but is 
executed for the orher row blocks, the fuse inside the 
redundancy row block selecting circuit that outputs the 
output signal fO is cut and the output signal fO is 
brought tio the "L" level. The fuses in other redundancy 
row block selecting circuits are not cut (with the output 
signals fl to f3 rising to the "H" level), 

Next, when the first row block 6r-0 is selected (PAO 
- "0" and RAl ^ "0"), the output signal of the first NOR 
gate 8 63 rises to the "H" level and the output signal of 
the firsr NAND gate 364 rxses to the "H^' level (with node 
nO at the "H" level) . Since the output signals of the 



other J^OR gates all criange to the "L" level, the output 
signals of the second to fourth NAND gates all change to 
the "H" level (wirh nodes nOl to nQ3 being at the "H" 
level). As a result, since the input signal changes to 
the '^H" level, the NAND gate 871 outputs the "L" level 
output signal (with the node n04 at the "L" level). The 
"L" level signal of the node n04 passes through the 
redundancy row block data latch circuit and is outputted 
as the redundancy enable signal sfte having the sane *'L" 
level. When the redundancy enable signal sfte is at the 
"L" level, the output signal passing through the fuse 
circuit for redundancy selection changes to the "L" level 
irrespective of the scate of the fuse of the fuse circuit 
for redundancy selection, and -che shift redundancy 
operation is not executed in the selected first row block 
6r-0 . 

When the third row block 6r-2 is selected (RAO = 
"0", RAl = the output signal of the third NOR gate 

867 changes to the "H" level. Therefore, rhe output 
signal of the third NAKD gare 868 changes to the ''L" 
level. On the other hand, since other NOR gates are all 
at the "L" level, the output signals of the fist, second 
and fourth NAND gates 364, 868 and 870 are all at the "H" 
level. in other words, because the node n02 is at the 
"L" level and the nodes nOO, nOl and n03 are at the "H" 
level, the NAND gate 871 outputs the ''H" level output 
signal (n0 4 at the "H" level) and the redundancy enable 
signal sfte changes to the ''H" level. When the 
redundancy enable signal sfre is at the "H" level, the 
level of the output signal of the fuse circuit for 
redundancy selection is determined in accordance with the 
state of the fuse of the fuse circuit for redundancy 
selection. Therefore, the shift redundancy operation for 
the selected third row block 6r-2 can be executed by 
cutting the fuse of the fuse circuit for redundancy 
selection , 

Similarly, it is possible to execute the shift 



redundancy operation for the first and fourth row blocks 
without e^^ecuting it: for the second and third row blocks. 
In this casG, the fuses of the redundancy row block 
selecting circuits ouTiputting the output signals fl and 
f2 are cut, respectively, to change the output signals fl 
and f2 to the "L" level, and the fuses of the redundancy 
row block selecting circuits outputting the output 
signals fO and f3 are left uncut so as to bring the 
output signals fO and f3 to the "H"' level. 

when the second or third row block is hereby 
selected, the output signals of the first to fourth HAND 
gates 864, 856, 368 and 870 all rise to the "H" level 
(with nOO to n03 being at the "fi" level). Consequently, 
the NAND gate 371 outputs the '^L" level output (with n04 
being at the "L" level), the redundancy enable signal 
sf^e, too, falls to the "L" level, and the shift 
redundancy operation is not executed in the selected row 
block. 

when the first, or fourth row block is selected, 
eit:her one of the fisi: or fourth NAND gate 864 or 370 
outputs the "L" level output signal, and the NAND gate 
871 outputs the "K" level output signal (with n04 being 
at the "H" level). Therefore, Tihe redundancy enable 
signal sf^ie rises to the "H" level, too, and the shift 
redundancy operat;ion can be executed in the selected row 
block. 

If the node nOO rises temporarily to the "H" level 
when it is desired to leave the nodes nOl to n03 at the 
"H" level and to leave the node n04 at the ''H" level 
while the node nOO is kept at the "L" level, that is, 
when it is desired to execute the shift redundancy 
operation, the node n0 4 is affected by the rise of the 
level of rhis node nOO and falls temporarily to the "L" 
level , 

The redundancy row block data larch circuit 872 is 
disposed so as to prevent such a problem. Here, the 
state before the node nOO temporarily rises to the "H" 
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level is latched by the rise of the sa^ipling pulse^ and 
such a latch stars is outputted as the redundancy enable 
signal sfte. The level of the redundancy enable signal 
sfte at this time is the same as the level of the node 
5 n04 as described above. If the node n04 is at the "H'* 

level, the redundancy enable signal sfte^ too, is at the 
"H" level, and if the node n04 is at the "L" level, the 
redundancy enable signal sfte, too, is at the '*L"' level. 
Therefore, according to this sixth enibodimentf it is 

10 possible to selectively execute the shift redundancy 
operation when the signal of the address of the rock 
block for selecting a specific row block is inputted, and 
not to execute the shift redundancy operation when the 
signal of the addresses of other row blocks are inputted. 

15 In consequence, the degree of freedom of redundancy can 
be relatively increased in the same way as iu the fifth 
preferred embodimenr . 

when the faults occur in two of a plurality of 
selecting lines in the semiconductor memory devices 

2 0 having the two-bit shift redundancy function such as 

those represenred by the first to sixth embodiments, the 
two faulu selecting lines (two faults) can be relieved by 
executing the two-bit shift redundancy operating that 
shifts the decode signal lines in the direction of one of 

25 the redundancy selecting lines and in the direction of 

the other redundancy selecting line. On the other hand, 
when the fault occurs in one of a plurality of selecting 
lines, this fault selecting line (one fault) can be 
relieved by executing the one-bit shift redundancy 

30 operation by shifting the decode signal lines in the 

direction of either one of the two redundancy selecting 
lines . 

However, when the semiconductor chip is manufactured 
so as to massproduce DRAMs, SRAMs, flash memories, etc., 
35 dust having a size bigger than the pitch of the selecting 
lines sometimes occurs due to abnormality of the 
fabrication process, and adheres to the semiconductor 
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chip. In such a case, a group fault in which three or 
more fault selecting lines (three or more faults) often 
occurs concantratedly on a certain part on the 
semiconductor chip. This group fault is likely to occur 
5 relatively at the initial stage o£ mass production, in 
particular. 

Therefore, when at least three faults occur due to 
the group fault on the semiconductor chip, they cannot be 
relieved by the conventional two-bit shift redundancy 

10 systeni. As a result^ the production yield of the chip 
production is likely to be impeded particularly at the 
initial stage of mass production* 

The seventh preferred embodiment of the present 
invention r which follows, is directed to solve this 

15 problem and to provide a semiconductor memory device of 

the shift redundancy system which can drastically improve 
the production yield of the chips by relieving such fault 
selecting lines . 

Fig, 9 5 is a block diagram, showing the construction 

20 of the basic principle which is deemed as the ground of 

the seventh preferred embodiment, Here< the construction 
of the semiconductior memory device having a plurality of 
selecting lines RO to R(n - 1) (where n is an arbitrary 
positive inneger of 2 or more than 2 in this case, too) 

25 will be schem.atically illustrated. Furthermore, the 

switch operation of the switch unit when the faults occur 
in four selecting lines Hl^ R3 ^ R(n - 4) and R(n - 2) 
occur will be illustrated- 

As shown in Fig. 95, the semiconductor memory device 

3 0 according to the basic principle which is deemed as the 

ground of the seventh preferred embodiment: of the present 
invention includes a plurality of selecting Ijines RO to 
R(n-l) (that is, real selecting lines) for selecting a 
specific memory cell from among a plurality of memory 

35 cells on the basis of the address signal Add supplied 

from external and executing the write or read operation, 
at least two first redundancy selecting lines (for 



example, two redundancy selecting lines JLO and JLl at 
the left end) positioned at one of the ends of a 
plurality of selecting lines and at least two second 
redundancy selecting lines (for example, two redundancy 
selecting lines JKO and JRl at the right end) positioned 
at the other end and first and second switch units 2a-l 
and 2a-2 disposed in at least two stages for changeably 
connecting a plurality of decode signals obtained by 
decoding the address signal to the selecting lines and to 
the redundancy selecting lines. These first and second 
switch units 2a-l and 2a-2 conSTiitute the principal 
portions of a shift redundancy circuit la having a four- 
bit shift redundancy function as will be described later. 

When any fault occurs in a plurality of selecting 
lines in the above-mentioned construction equipped with 
the first and second switch unirs 2a-l and 2a^2 (faults 
are shown occurring in four selecting lines in Fig. 95), 
the first switch unir 2a-l executes the first switch 
operavion for shift:.ng at: least one of the decode signal 
lines in the direction of the first redundancy selecting 
lines r or the second switch operarion for shifting ar 
least one of the decode signal lines in the direction of 
the second redundancy selecting lines, or both of the 
first and second switch operations. The second switch 
unit 2a-2 executes the third switch operation for 
shifting at ieasi: one of the decode signal lines, that is 
subjected to the first switch operation described above, 
in the direction the direction of the first redundancy 
selecting line, or the fourth switch operation for 
shifting at least one of the decode signals / that is 
subjected to the second switch operation described above ^ 
in the direction of the second redundancy selecting line^ 
or both of the third and fourth switch operations, or 
none of the third and fourth switch operations . 

Preferably, when the faults occur in four selecting 
lines among a plurality of selecting lines, both of the 
first and second switch operations are executed by the 
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first switch unit and both of the third and fourth switch 
operations are executed by the second switch unit. 

Preferably, further^ when the faults occur in the 
three selecting lines among a plurality of selecting 
5 lines, both of the first and second switch operations are 
executed by the first switch unit, and either one of the 
third and fourth switch operations is executed by the 
second switch unit. 

Preferably, further ^ when the faults occur in two 

10 selecting lines among a plurality of selecting lines, 

either one of the first and second switch operations is 
executed by the first switch unit and either one of the 
third and fourth switch operations is executed by the 
second switch unit. 

15 Preferably, further, when the faults occur in two 

selecting lines among a plurality of selecting lines, 
both of the first and second switch operations are 
executed by the first unit and none of the third and 
fourth switch operations are executed by the second 

20 switch unit. 

Preferably, further, when the faulr occurs in one 
selecting line among a plurality of selecting lines, 
either one of the first and second switch operations is 
executed by the first switch unit and one of the third 

25 and fourth switch operations are executed by the second 
switch unit. 

Preferably, further, when at least one of the first 
and second redundancy selecting lines is connected to the 
decode signal lines by the switch operation described 
30 above, the redundancy selecting lines positioned close to 
a plurality of selecting lines (for example; the 
redundancy selecting lines jlO and JRO on the internal 
side) are preferentially used. 

The explanation will be given in further detail. 
35 The semiconductor memory device shown in Fig, 95 is 

equipped with the decoder circuit 5a for decoding the 
address signal Add supplied from outside^ This decoder 
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circuit 5a has substantially the same function as that of 
the decoder circuit shown in Fig- 2. Further, the 
semiconductor memory device shown in Fig, 95 includes a 
plurality of selecting lines RO to R(n-l) (where n is an 
5 arbitrary positive integer of 2 or more than 2) for 

selecting a specific memory cell from among a plurality 
of memory cells on T:he basis of the address of the decode 
signal Sdec outputted from this decoder circuit 5a and 
for executing the write or read operation of the data- 

10 Further, in the semiconductor memory device shown in Fig. 
95, two first redundancy selecting lines JLO and JLl^ 
that are connected to none of the decode signal lines to 
which the decode signal Sdec is transferred^ are 
positioned at one of the ends among a plurality of 

15 selecting lines (for example^ at the left end position);, 
and two second redundancy selecting lines JRO and JRl, 
that are connected to none of a plurality of decode 
signal lines, are positioned at the other end among a 
plurality of selecting lines (for example^ at the right 

20 end posinion ) . 

There is further disposed in Fig. 95 a shift 
redundancy circuit la for controlling -che connection 
relation between a plurality of decode signal lines and a 
plurality of selecting lines RO to R(n-l) and the 

25 connection relation between a plurality of decode signal 
lines and the first and second redundancy connecting 
lines JLO, JXl, JRO and JRl. This shift redundancy 
circuit la includes first and second switch units 2a-land 
2a-2 including in turn a plurality of switch devices for 

30 changeably connecting a plurality of decode signals to 

the first and second redundancy selecting lines. Each of 
these first and second switch units 2a-l and 2a-2 
preferably has a two-bit shift redundancy function, and 
the shift redundancy operation of maximum four bits can 

35 be achieved by connecting a plurality of switch devices 
of these first and second switch units 2a-l and 2a-2 in 
two stages and in series . 
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the explanation will be given more concretely. The 
switch unit in which one of the end portions is directly 
connected to a plurality of decode signal lines is used 
as the first switch unit 2a-l, and the switch unit which 
S is connected between the other end portion o£ this first 
switch unit and a -plurality of selecting lines (between a 
plurality of selecting lines and the first and second 
redundancy selecting lines when the fault selecting line 
or lines occur) is used as the second switch unit 2a-2^ 

10 thereby constituting the two-stage switch circuit. Here^ 
when all, or some, of the first and second redundancy 
selecting lines are connected to the corresponding decode 
signals / the redundancy selecting lines positioned closer 
to a plurality of selecting lines (the inner redundancy 

15 selecting lines JLO and JHO) are first used, and the 
redundancy selecting Lines positioned apart from a 
plurality of selecting lines (the outer redundancy 
selecting lines JLl and JRl) are used next. 

The shift redundancy circuit la includes a shift 

20 redundancy fuse circuit unit 4a having a plurality of 
fuses so disposed as to correspond to a plurality of 
selecting lines and to the first and second redundancy 
selecting lines, when any fault or faults occur in a 
plurality of selecting lines, this shift redundancy fuse 

25 circuit unit 4a cuts the fuse or fuses corresponding to 
the fault selecting lines in which the faults occur, and 
the fuses for redundancy selection that correspond to 
all, or a part, of the first and second redundancy 
selecting lines. This shift redundancy fuse circuit unit 

30 4a has substantially the same function as that of the 
shift redundancy fuse circuit unit 4 shown in Fig. 2, 

Here, the signal outputted from the shift redundancy 
fuse circuit unit 4a is inputted to the later-appearing 
first and second shift redundancy control circuit units 

35 3a-l and 3a-2 . The signal outputted from the first shift 
redundancy control circuit unit 3a-l is used as the first 
shift control signal for controlling the first switch 
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unit 2a-l, On the other handr the signal outputted from 
the second shift redundancy control circuit 3a-2 is used 
as the second shift control signal for controlling the 
second switch unit 2a-2, 
5 To simplify t:he explanationr the semiconductor 

memory device shown in Fig. 95 represents the 
construction for achieving maicimum four-bit shift 
redundancy (that is, the construction in which a 
plurality of switch devices in each of the first and 
10 9QCOT\d switch units 2a-l and 2a-2 are connected in series 
winh one another) by disposing in two stages the switch 
circuits having the two-bit shift redundancy function. 
It is noteworthy that maximum 2N-bit shift redundancy 
(shift redundancy of 0, 1 bit, 2 bit, ... , 2(N-1) bit or 
15 2N bit) can be executed by disposing such switch circuits 
in N stages (where N is an arbitrary positive integer of 
3 or more than 3) , 

The shift redundancy circuit la shown in Fig. 95 
further includes firs^ and second shift, redundancy 
20 control circuit unics 3a-l and 3a-2 for controlling the 

switch operations of a plurality of switch devices inside 
the first and second switch units 2a-l and 2a-2 in 
accordance with the output result from the shift 
redundancy fuse circuit unit 4a. 
25 More concretely; tne first shift redundancy control 

circuit unit 3a- 1 controls the switch operation of a 
plurality of swirch devices inside the first switch unit 
2a-l having the two-bit shift redundancy functiion so as 
to shift a plurality of decode signal lines by one 
30 selecting line (that is, by one bit) in the direction of 
the first: redundancy selecting line JLO positioned at the 
inside position among the first redundancy selecting 
lines at the left end, or shifting a plurality of decode 
signals by one selecting line in the direction of the 
35 second redundancy selecting line JRO positioned at the 
inside position among the second redundancy selecting 
lines at the right end, in order to bring the fault 



selecting line correspoading to at least one fault into 
the non-selection state, in which it is connected to none 
of a plurality of decode signals, when such a fault 
occurs . 

On the other hand, the second shift redundancy 
control circuit unit 3a-2 controls the switch operation 
of a plurality of switch devices in the second switch 
unit 2a-2 having the two-bit: shift redundancy function by 
shifting further a plurality of decode signal lines by 
one selecting line (that is, by one bit) in the direction 
of the first redundancy selecting line JLl positioned at 
the outer position among the first redundancy selecting 
lines at the left end; or shifting further a plurality of 
decode signals by one selecting line in the direction of 
the second redundancy selecting line JRl positioned at 
the outer position among the second redundancy selecting 
lines at the right end, in order to bring the fault 
selecting lines corresponding to two to four faults into 
the non-selection state in which they are connected to 
one of a plurality of decode signal lines when two to 
four faults occur. 

In other words, the first shift redundancy control 
circuit unit 3a-l controls the first and second switch 
operations of the first switch unit 2a-l used for 
selecting the two redundancy selecting lines JLO and JRO 
positioned closer to a plurality of selecting lines by a 
plurality of first shift control circuits- On the other 
hand, the second shift redundancy control circuit unit 
3a-2 controls the third and fourth switch operations of 
the second switch unit 2a-2 used for selecting the two 
redundancy selecting lines JLl and Jrl positioned apart 
from a plurality of selecting lines by a plurality of 
second shift control circuits. The shift redundancy 
function of one to four bits can be achieved by suitably 
controlling the first to fourth switch operations of 
these first and second switch units 2a-I and 2a-2, 

Incidentally, a plurality of selecting lines as the 



object of such one-bit to four-bit shift redundancy 
includes the word selecting lines, the column selecting 
lines, the selecting lines for the data bus, etc., in the 
semiconductor memory device. 

In suiuiuary, the present invention disposes the 
switch units having the shift redundancy function of at 
least two bits in two stages and in series, and causes 
each switch unit to execute the switch operation for 
shifting the decode signals in the direction of one of 
the redundancy selecting lines, or in the direction of 
the other redundancy selecting line, or in both 
directions. When three or more than three fault 
selecting lines occur on the semiconductor chip, 
therefore, the fault selecting lines can be relieved by 
executing the shift redundancy operation of three or more 
than three bits. On the other hand, the present 
invention causes at least one of the switch units 
disposed in two stages to execute the switch operation in 
the direction of one of the redundancy selecting lines, 
or in the direction of the other redundancy selecting 
line or in the directions of both redundancy selecting 
lines. Therefore, even when one or two fault selecting 
lines occur on the semiconductor chipr these fault 
selecting lines can be relieved. 

The seventh preferred embodiment of the present 
invention will be further explained with reference to 
Figs- 9 6 to 114, The explanation will be given first 
hereby about the concrete switch operations of the first 
and second switch units 2a-i and 2a-2 when one to four 
faults occur in a plurality of selecting lines. 

Fig- 9 6 is a schematic view showing the operation of 
the switch unit when the faults occur in four selecting 
lines; Fig, 97 is a schematic view showing a first 
example of the operation of the switch unit when the 
faults occur in the three selecting lines; and Fig, 58 is 
a schematic view showing a second example of the 
operation of the switch unit when the faults occur in the 
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three selecting lines. 

Fig. 99 is a schematic view showing the first 
example of the switch unit when the faults occur in two 
selecting lines? Fig, 100 is a schematic view showing the 
5 second example of the operation of the switch unit when 
the faults occur in two selecting lines; and Fig, 101 is 
a schematic view showing the third example of the 
operation of the switch unit when the faults occur in two 
selecting lines. 

10 Furthermore, Fig. 102 is a schemaric view showing 

the first exaniple of the operation of the switch unit 
when the fault: occurs in one selecting liae. Fig. 103 is 
a schematic view showing the second example of the 
operarion of the switch unit when the fault occurs in one 

15 selecting line, and Fig. 104 is a schematic view showing 
the opera^iion of the switch unit when no fault exists in 
the selecting lines. However, Figs, 96 to 104 show the 
construction of the switch uni^cs and a plurality of 
selecting lines in a simplified form in order to simplify 

20 the explanation of the switch operations by the switch 
units . 

Referring to Figs, 9€ zo 1Q4, there are shown 
disposed eight selecting lines RO to R7 for normal 
selection, that are used for the normal operation, two 

25 first redundancy selecting lines JLO and JLl, and two 
second redundancy selecting lines JRO and JRi . The 
selecting lines for normal selection RO to R7 , these 
selecting lines are connected to a plurality of switch 
devices of the second 5witch unit 2a-2 as shown in Fig, 

30 104. These switch devices of the second switch unit 2a-2 
are connected to a plurality of switch devices of the 
first switch unit 2a-l. These switch devices of this 
first switch unit 2a-l are connected to eight decode 
signal lines (not shown) obtained by decoding the address 

35 signal supplied from outside the semiconductor chip. 

Before the shift redundancy process, or when no fault 
exists in the selecting lines, a plurality of switch 



devices of the first and second switch units operate in 
such a manner that the selecting lines RO to R7 can be 
connected to the corresponding decode signal lines (no 
shift). In other words, in the case of Fig. 104^ the 
f::rst and second swizch units 23-1 and 2a-2 do not 
execute the switch operation for shifting the decode 
signal lines in the direction of the redundancy selecting 
lines; hence ^ four redundancy selecting lines are not 
connected to the decode signal lines. 

Fig. 96 is a schematic viev useful for explaining 
the case in which the faults exist in four selecting 
lines Kl, R3 , R5 and R7 , and the four-bit shif-:: 
redundancy operation is executed for these faults. In 
Fig. 96, the first switch unit 2a-l executes the switch 
operation of four switch devices corresponding to fourth 
decode signals so that the four decode signal lines on 
the left can be shifted (one-bit shift) in the direction 
of the first redundancy selecting lines JLO positioned 
closer to the selecting line RO for normal selection 
(left shift). The first switch unit 2a-l further 
executes the switch control of three corresponding switch 
devices so that three deccde signal lines on the right 
can be shifted (one-bit shift) in the direction of the 
second redundancy seleccing line JRO positioned closer to 
the selecting line R7 for normal selection (right shift) . 
Furthermore/ the first and second switch units 2a-l and 
2a-2 allow the switch devices to operate so that the 
decode signal lines and the selecting line R4 can be 
connected without executing the left shift and the right 
shift (no shift) . 

In Fig. 96 f the second switch unit 2a-2 executes the 
switch operation of corresponding three switch devices so 
that three decode signal lines on the left can be further 
shifted (one-bit shift) in the direction of the first 
redundancy selecting line JLl positioned apart from the 
selecting line RC for normal selection (left shift)* The 
second switch unit 2a-2 executes further the switch 
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operation of two corresponding switch devices so that two 
decode signal lines on the right can be further shifted 
(one-bit shift:) in ths direction of the second redundancy 
selecting line JRl ' positioned apart from the selecting 
5 line R7 for normal selection (right shift). Furthermore, 
the second switch unit 2a-2 operates the switch devices 
so that the switch devices of the first switch unit 2a-l 
and the selecting line r2 can be connected without 
executing the left shift and the right shift (no shift). 

10 The second switch unit 2a-2 operates further the switch 
devices so that the switch devices of the first switch 
unit can be connected to the selecting line R6 without 
executing the left shift and the right shift (no shift), 
In this case, the fault selecting lines Rl^ R3, R5 and R7 

15 corresponding to the four faults are connected to none of 
tne decode signal lines and are always under the selected 
state . 

In other words, the four-bit shift redundancy 
operation can be executed finally in Fig. 9^, by 

20 executing first the two-bit shift redundancy operation by 
using the redundancy selecting lines JLO and JRO 
positioned closer to the selecting lines for normal 
selection and by executing the two-bit shift operation by 
using the redundancy selecting lines JLl and JRl 

25 positioned apart from the selecting lines for normal 
selection . 

Fig, 97 is a schematic view useful for explaining 
the first example in which the faults exist in three 
selecting lines Rl, ^^3 and R6 and the three-bit shift 

3 0 redundancy operation is executed for these faults- In 
Fig. 97, the first switch unit 2a-l executes the switch 
operation of corresponding four switch devices so that 
four decode signal lines on the left can be shifted in 
the direction of the first redundancy selecting line JLO 

35 positioned closer to the selecting line RO for normal 
selection (left shift). The first switch unit 2a-l 
executes further the switch operation of two 
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corresponding redundancy selecting Lines so that two 
decode signal lines on the right can be shifted in the 
direction of the second redundar^cy selecting line JRO 
positioned closer to the selecting line R7 for noraal 
selection (right shift). The f.rst and second switch 
units 2a- 1 and 2a-2 operate the switch devices so that 
the decode signal lines and the selecting lines R4 and R5 
can be connected without executing both the left shift 
and the right shifi: (no shift). 

Furthermore^ the second switch unit 2a-2 in Fig. 97 
executes the switch operarion of corresponding three 
switch devices so that three decode signal lines on the 
left can be further shifted in rhe direction of the first 
redundancy selecting line JLl positioned apart from the 
selecting line RO for norruai selection (left shift). The 
second switch unit 2a-2 operates the switch devices so 
that the switch devices of the first switch unit 2a-l can 
be connected to the selecting lines R2 and R7 and to the 
second redundancy selecting line JRO without executing 
both the left shift and the right shift (no shift). In 
this case, the fault selecting lines Rl^ R3 and R6 
corresponding to the nhree faults are connected to none 
of the decode signal lines but are always under the non- 
selection state. Furthermore^ the second redundancy 
selecting line JRl positioned apart from the selecting 
line R7 for normal selection, too, is not connected to 
the decode signal lines. 

Fig. 98 is a schematic view useful for explaining 
the second example in which the faults exist in three 
selecting lines Rl , R3 and r6 and the three-bit shift 
redundancy operation is executed for these faults. In 
Fig. 98, the first switch unit 2a-l executes the switch 
operation of corresponding two switch devices so that two 
decode signal lines on the left can be shifted in the 
direction of the first redundancy selecting line JLO 
positioned close to the selecting line RO for normal 
selection (left shift). The first switch unit 2a'-l 



executes further five corresponding switch devices so 
that five decode signal lines can be shifted in the 
direction of the second redundancy selecting line JRO 
positioned close to the selecting line R7 for normal 
selection (right shift). Furthermore, the first and 
second switch units 2a-l and 2a-2 operate the switch 
devices so that the decode signal lines and the selecting 
line R2 can be connectied without executing both the left 
shift and the right shift (no shift). 

In Fig, 9S; further, the second switch unit 
executes the switch operation of three corresponding 
switch devices so that three decode signal lines on the 
right can be further shifted in the direction of the 
second redundancy selecting line JRl positioned apart 
from the selecting line R7 for normal selection (ri.ght 
shift) , The second switch unit 2a-l operates the switch 
devices so that zhe switch devices of the first switch 
unit 2a-l can be connected to the selecting lines RO/ H4 
and R5 and to the first redundancy selecting line JLO 
without executing both the left shift and the right shift 
(no shift). In this case, the fault selecting lines Rl^ 
R3 and R6 corresponding to the three faults are connected 
to one of the decode signals but are always under_ the 
non-selection state. Furthermore, the second redundancy 
selecting line JLl positioned apart from the selecting 
line RO for normal selection, too, is not connected to 
the decode signal lines. 

In other words r the three-bit shift redundancy 
operation can be executed finally in Figs. 97 and 98, by 
executing the two-bit shift redundancy operation by using 
the redundancy selecting lines JIO and JRO positioned 
close to the selecting lines for normal selection and by 
executing the one-bit shift redundancy operation by using 
either one of the redundancy selecting lines JLl and JRl 
positioned apart from the selecting lines for normal 
selection . 

Fig. 99 is a schematic view useful for explaining 
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the firs.t example in which the faults exist in two 
selecting lines R2 and R5 and the two-bit shift 
redundancy operation is executed for these faults. In 
Fig* 33 f rhe first switch unit 2a-l executes the switch 
5 operation of corresponding six switch devices so that six 
decode signal lines on the left can be shifted in the 
direction of the first redundancy selecting line JLO 
positioned close to the selecting line for normal 
selection (left shift). The first and second switch 

10 units 2a''l and 2a-2 operate the switch devices so that 

the decode signal lines can be connected -co the selecting 
lines R6 and R7 without executing both the left shift and 
the right shift (no shift). 

In Fig, 99/ the second switch unit 2a-2 executes 

15 four corresponding switich devices so that four decode 
signal lines on the left can be shifted farther in the 
direction of -he first redundancy selecting line JLl 
apart from the selecting line for normal selection RO 
(left shitz] . The second switch unit 2a-2 operates the 

20 switch devices so that the switch devices of the first 

switch unit 2a-l can be connected to the selecting lines 
R3 and R4 without executing both the left shift and the 
right shift (no shift). In t.his case^ the fault 
selecting lines K2 and R5 corresponding to the two faults 

25 are connected to none of the decode signal lines but are 
always under the non-selection state. Furthermore/ none 
of the redundancy selecting lines JKO and JRl positioned 
on the side of the selecting line for normal selection R7 
are connected to the decode signal lines. 

30 Fig, 10 0 is a schematic view useful for explaining 

the second example in which the faults exist in two 
selecting lines R2 and R5 and the two-bit shift 
redundancy operation is executed for these faults. In 
Fig. 100, the first switch unit 2a-l executes the switch 

35 cperation of three corresponding switch devices so that 
three decode signal lines on the left can be shifted in 
the direction of the first redundancy selecting line JLO 
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positioned close to the selecting line for normal 
selection RO (left shift). The first switch unit 2a-l 
executes three corresponding switch devices so that three 
decode signal lines on the right can be shifted in the 
5 direction of the second redundancy selecting line JItO 
positioned close to the selecting line for normal 
selection R7 (right shift). The first and second switch 
units 2a-l and 2a-2 operate the switch devices so that 
the decode signal lines can be connected to the selecting 
10 lines R3 and K4 without executing both rhe left shift and 
the right shift (no shift). 

In rig. 100, the second switch unit 2a-2 operates 
the switch devices so what the switch devices of the 
first switch unit 2a-i can be connected to the selecting 
15 lines RO^. Rl, R6 and R7^ to the inner first redundancy 
selecting line JLO, to the inner first redundancy 
selecting line JLO and to the inner second redundancy 
selecting line JRO without executing both the lef- shift 
and the right shift (no shift) . In this case, the fault 
2 0 selecting lines R2 and R5 corresponding to the two faults 
are connected to none of the decode signal lines but are 
always under the non-selection state. Furthermore, the 
outer first redundancy selecting line JLl and the. outer 
second redundancy selecting line JRI are not connected to 
25 the decode signal lines. 

Fig* 101 is a schemaTiic view useful for explaining 
the third example in which the faults exist in two 
selecting lines R2 and R5 and the two-bit shift 
redundancy operation is executed for these faults. In 
30 Fig. 101^ the first switch unit 2a-l executes the switch 
operation of corresponding six switch devices so that six 
decode signal lines on the right can be shifted in the 
direction of the second redundancy selecting line JRO 
positioned close to the selecting line for normal 
35 selection R7 (right shift). The first and second switch 
units 2a-l and 2a-2 operate the switch devices so that 
the decode signal lines and the selecting lines RO and Rl 



can be connected without: executing both the left shift 
and right shift (no shift). 

In Fig. 10 Ir further r the second switch unit 2a-2 
executes the switch operation of corresponding four 
switch devices so that four decode signal lines on the 
right can be further shifted in the direction of the 
second redundancy selecting line JRl positioned apart 
from the selecting line for normal selection R7 (right 
shift) . The second switch unit 2a-2 operates the switch 
devices so that: the switch devices of the first switch 
uniz 2a-l and the selecting lines R3 and R4 can be 
connected without executing both the left shift and the 
right shift (no shift), in this case, the fault 
selecting lines corresponding tc the two faults are 
connected to none of the decode signal lines bur are 
always under the non-selection state. The redundancy 
selecting lines JLO and JLl positioned on the side of the 
selecting li.ne for normal selection RO are not connected 
to the decode signal lines. 

In other words, the two^-bit shift redundancy 
operation can be executed by using the inner first 
redundancy selecting line JLO and the inner second 
redundancy selecting line JRO , In this case, only the 
switch devices of the first switch unit are allowed to 
execute the switch operation for shifting the decode 
signal lines in the direction of the redundancy selecting 
lines. On the other hand, in Figs, 99 and 101, the two- 
bit shift redundancy operation can be executed by using 
two redundancy selecting lines at the left end or two 
redundancy selecting lines at the right end. In this 
case, the switch devices of the first switch unit execute 
the switch operation for shifting the decode signal lines 
in the direction of the redundancy selecting lines 
positioned in the left end or the right end, and the 
switch devices of the second switch unit execute the 
switch operation for shifting the decode signal lines in 
the direction of the redundancy selecting lines 
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positioned outside th& same end. 

Fig, 102 is a schematic view useful for explaining 
the first example in which the fault exists in one 
selecting line R2 and the one-bit shift redundancy 
5 operation is executed for this fault. In Fig. 102^ the 
first switch unit 2a-I executes the switch operation of 
corresponding three switch devices so that three decode 
signal lines on the left can be shifted in the direction 
of the first redundancy selecting line JLO positioned 

10 close to the selecting line for norniai selection RO (left 
shift). The first and second switch units 2a-l and 2a-2 
operate the switch devices so that the decode signal 
lines and the selecting lines to R7 can be connected 
without executing both the left shift and the right shift 

15 (no shift) . 

In rig, 102, further, the second switch unit 2a-2 
operates the switch devices so that the switch devices of 
the first switch unit 2a-l, the selecting lines RO and Rl 
and the first redundancy seleciiing line JLO can be 

20 connected without executing both the left shift and the 
right shift (no shifr) • In this case, the fault 
selecting line corresponding to one fault is connected to 
none of the decode signal lines but is always under the 
non-selection state. JurtherTnore, the first redundancy 

25 selecting line JLl positioned on the side of the 

selecting line RO for normal selection and the second 
redundancy selecring lines JRO and JKl positioned on the 
side of the selecting line R7 for normal selection are 
not connected to the decode signal lines. 

30 Fig. 103 is a schematic view useful for explaining 

the second example in which the fault exists in one 
selecting line R2 and the one-bit shift redundancy 
operation is executed for this fault. In Pig. 103^ the 
first switch unit 2a- 1 executes the switch operation of 

35 corresponding six switch devices so that six decode 

signal lines on the right can be shifted in the direction 
of the second redundancy selecting line JRO positioned 
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close to the selecting line r7 for normal selection 
(right shift). The first and second switch unizs 2a-l 
and 2a-2 operates the switch devices so that the decode 
signal lines and the selecting lines RO and Rl can be 
5 connected without executing both the left shift and the 
right shift (no shift). 

In rig. 103/ the second switch unit 2a-2 operates 
the switch devices so that the switch devices of the 
first switch unit 2a-l^ the selecting lines R3 to R7 and 

10 the second redundancy selecting line JRO can be connected 
without: executing both the left shift and the right shift 
{no shift). In this case, the fault selecting line R2 
corresponding zo one fault is connected to none of the 
decode signal lines but is always under the non-selection 

15 state. rurT:her, the first redundancy selecting lines JLO 
and JLl positioned on the side of the selecting line RC 
for normal selectiicn and the second redundancy selecting 
line JRl positioned on the side of the selecting line R7 
for normal selection are not connected to the decode 

20 signal lines. 

In other words, the one-bit shift redundancy 
operation can be executed in Figs. 102 and 103 by using 
either one of the redundancy selecting lines JLO and JRO 
positioned close to the selecting lines for normal 

25 selecT:ion. In this case, only the switch devices of the 
first switch unit execute the switch operation for 
shifting the decode signal lines in the direction of 
either one of the redundancy selecting lines, 

Fig. 105 is a diagram showing the signal level of 

30 each part due to the operations of the switch units when 
the faults occur in four selecting lines^ and Fig* 106 is 
a diagram showing the signal level of each part due to 
the operations of the switch units when the faults occur 
in three selecting lines. Here^ the diagrams each show 

35 the signal level of each part due to the switch 

operations of the first and second switch units when the 
faults occur in four or three selecting lines in a 



seraiconductor memory devica including two first 
redundancy selecting lines JLO and JLl^ two first 
redundancy selecting lines JRO and JRl and eight 
selecting lines for normal selection RO to R7, Fig, 105 
5 shows the signal level each part when the switch 

operations of the switch units are effected as in Pig, 
96, and Fig. 106 shows the signal level at each part when 
the switch operations of the switch uni::s are effected as 
in Fig. 97. 

10 The shift redundancy fuse circuit unit 4a shown in 

Fig. SS includes fuse circuits for normal selection, that 
are used during the normal operation, fuse circuits for 
redundancy selection, that are used at the time of 
redundancy selection, and fuse circuits for forced 

15 redundancy, that are used at the time of forced 

redundancy in order to confirm whether or not any fault 
exists in the redundancy selec-::ing lines. The fuse 
circuits for ncriual selection output the low voltage 
level ( *'L" level) when the corresponding fuses are cut, 

20 and also output the high voltage level ("H" level) when 
the fuses are not cut* On the other hand, the fuse 
circuits for redundancy selection (and the fuse circuits 
for forced redundancy) output the "H" level when the 
fuses (fuses for redundancy selection) are cut and output 

25 the "L" level when they are naz cu"c, on the contrary. In 
this case, two fuses, that is, the fuse of the fuse 
circuit corresponding to the fault selecting line and the 
fuse of the fuse circuit for redundancy selection, that 
corresponds to either one of the first and second 

30 redundancy selecting lines, are cut for the one-bit shift 
redundancy. Therefore, when the four-bit shift 
redundancy operation is executed as in Fig, 105, eight 
fuses, that is, four fuses corresponding to the four 
fault selecting lines and the fuses of the fuse circuits 

35 for redundancy selection (redundancy selecting fuses) 

corresponding to all the four first and second redundancy 
selecting lines are cut. On the other hand, when the 
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three-bit shift redundancy operation is executed as in 
Fig. 10 S, six fuses, that is, three fuses corresponding 
to the three fault selecting lines, two fuses positioned 
on the inner side among the first and second redundancy 
5 selecting lines, and one fuse positioned outside, are 
cut . 

A plurality of shift control circuits in the first 
shift redundancy control circuit unit 3a-l connect one of 
the first input signals uinO and one of the first output 

10 signals loutO, and connect also the other of the first 
input signals linO to the other of the first output 
signals loutO, as will be described later with reference 
to Fig. 110, t:hereby constituting the series circuits in 
two stages as shown in later-appearing Fig. 113, On the 

15 other hand, a plurality of shift control circuits in the 
second shift redundancy control circuit unit 3a-2, too, 
connect likewise one of the second input signals uinl to 
one of rhe second output signals uoutl and connect the 
other of the second input signals iml to the other of 

20 the second output signals loutl, thereby constituting the 
series circuits m two stages as shown in Fig. 113, 

The switch operation of each switch device in the 
first switch unit 2a-l is controlled by the combination 
of the "K" level and the "X," level of the first output 

25 signal uoutO and the first output signal loutO outputted 
from the first shift redundancy control circuit unit 3a- 
1. When the fuses are not cut, the first output signal 
uoutO and the first output signal loutO are all at the 
"L" level. At this time, further, the output of the fuse 

30 circuits corresponding to the selecting lines other than 
the redundancy selecting lines change to the "H" level in 
the shift redundancy fuse circuit unit 4a, and the output 
of the fuse circuits for redundancy selection, that 
correspond to the redundancy selection, change to the "L" 

35 level. In this case, the shift redundancy operation is 
judged as being absent. 

On the other hand, the switch operation of each 
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switch device in the second switch unit. 2a-2 is 
controlled by the combinat.ion of the "H" level and the 
"L" level of the second output signal uoatl and the 
second output signal lour 1 outputted from the second 
5 shift redundancy control circuit unit 3a-2. when the 

fuses are not cut, the second output signal uoutl and the 
second output signal loutl are all at the "L^* level. 

Considering the case in which the fuses 
corresponding to four fault selecting lines Rl, R3 ^ R5 

10 and R7 are cut and four fuses of the fuse circuits for 
redundancy selection (redundancy selecting fuses) 
corresponding to four, first and second redundancy 
selecting lines JLO, JLl; JRO and JRl are cut, 
respectively, the outputs of the fuse circuits 

15 corresponding to the four fault selecting lines Rl, K3 , 

R5 and R7 that are cut change to the "L" level, while the 
outputs of the fuse circuits for redundancy selection, 
that correspond to four redundancy selecting lines JLO, 
JLl, JRO and JRI that are cut, change to the "H" level. 

2 0 In this case, the first shift redundancy control 

circuit unit 3a-l controls the switch operation ox the 
first switch unit 2a-l so that four decode signal lines 
on the left side can be shifted in the direction of the 
first redundancy selecting line JLO positioned close to 

25 the selecting line RO for normal selection (left shift 
<-) , Furthern\ore , the first shift redundancy control 
circuit unit 3a*l controls the switch operation of the 
fxrst switch unit 2a-l so that three decode signal lines 
on the right side can be shifted in the direction of the 

30 second redundancy selecting line JRO positioned close to 
the selecting line for normal selection R7 (right shift 

The first shift redundancy control circuit unit 3a- 
1 and the second shift redundancy control circuit unit 
3a-2 control the operations of the first and second 

35 switch units 2a-l and 2a-2 so that the decode signal 

lines and the selecting line R4 can be connected without 
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executing the right shift and the left shift (no shift 
t). The first shift redundancy control circuit unit 3a- 
1 and the second shift redundancy control circuit unit 
3a-2 control the operation of the first and second switch 
5 units 2a-l and 2a-2 so that the fault selecting lin&s R3 
and R5 are brought into the non-selection state in which 
they are not connected to the decode signal lines 
(corresponding to "X" in the column of the first and 
second shift redundancy control circuit units 3-1 and 3a- 

10 2 in Fig, 105 (with the proviso of rhe portions that 
associate with the fault selecting lines K3 and R5)). 

As shown in Fig. 105; the second shift redundancy 
conrrol circuit unit 3a-2 controls the switch operation 
of the second switch unit 2a-2 so that three decode 

15 signal lines on the left can be further shifted in the 
direction of the first redundancy selecting line JLl 
positioned apart from zhe selecting line RO for normal 
selection (lef- direction , The second shift 
redundancy control circuit 3a-2 controls the switch 

20 operation of the second swiT:ch unit 2a-2 so that two 
decode signal lines on the right side can be further 
shifted in the direction of the second redundancy 
selecting line JRl positioned apart forni the selecting 
line R7 for normal selection (right shift ->) , The 

25 second shift redundancy control circuit unit 3a-2 

controls the switch operation of the second switch unit 
2a-2 so that the decode signal lines and the selecting 
lines R2 and R6 can be connected without executing both 
the left shift and the right shift (non shift T) * The 

30 second shift redundancy control circuit unit 3a-2 

controls the operation of the second switch unit 2a"2 so 
that two fault selecting lines Rl and R7 can be brought 
into the non-selection state in which they are not 
connected to the decode signal lines (corresponding to 

35 "X" in the coluiun of the shift redundancy control circuit 
unit 3a-2 (with the pro^'iso that the portions associated 
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with the fault selecting lines Rl and R7), Since four 
fault selecting lines Rl, R3 , R5 and R7 are brought into 
the non-selection state in which they are not connected 
to any decode signa-l lines in this way, these fault 
5 selecting lines can be relieved. 

At this time, only the first ourput signal uout at 
the position to which the signals from the fuse for 
normal selection and the fuse for redundancy selection 
are inpurted and for which the left shift is executed in 

10 the first shift redundancy control circuit unit 3a-l is 
at the "E" level; and the first output signals uourO at 
other positions are all at the '*L" level. Therefore, the 
state in which one of the first output signals uoutO = 
"H" and the other first output signal loutO • "L" niay be 

15 judged as the left shift. On the other hand, only the 
second output signal uoutl at the position to which the 
signals from the fuse for normal selection and from the 
fuses for redundancy selection are inputted and at which 
the left shift is executed in the second shift redundancy 

20 control circuit unit 3a-2 remains at the "H" level, and 
the second output sigaals at other positions are all at 
the ''L" level. Therefore/ the state where one of the 
second output signals uoutl = "H" and the other of the 
second output signals loutl = "L" may be judged as the 

25 left shift. 

Furthermore/ only the first output signal loutO at 
the position to which the signals from the fuses for 
normal selection and the fuses for redundancy selection 
are inputted and at which the right shift is executed in 

30 the first shift redundancy control circuit unit 3a-l 

remains at the "H" level, and the first output signals 
loutO at other positions are all remain at the "h" level, 
Therefore, the state in which one of the first output 
signals uoutO = "L" and the other of the fist output 

35 signal loutO = "H" may be judged as the right shift. On 
the other hand, only the second output signal loutl at 
the positions to which the fuses for normal selection and 



99SH 



19;: 



Ho. 3?^; 



^5/229 



- 138 - 

the fuses for redundancy selection are inputted and at 
which the right shift is executed in the second shift 
redundancy control circuit unit 3a-2 remains at the "H" 
level and the second output signals ioutl at other 
5 positions are all at the '^L" level. Therefore, the state 
where one of the second output signals uouti - ''L" and 
the other of the second output signals ioutl « "H" may 
be judged as the right shift. 

On the other hand, considering the case shown in 

10 Fig. 106 in which the fuses corresponding respectively to 
three fault selec::ing lines Rl , R3 and R6 are cut and 
three fuses of the fuse circuits for redundancy selection 
(redundancy selecting fuses) corresponding respectively 
to two first redundancy selecting lines JLO and JLl and 

15 one second redundancy selecting line JRO (that is, three 
redundancy selecting lines) are cut, the outputs of the 
fuse circuits corresponding to rhe four fault selecting 
lines Rl, R3 and R6 that: are cut change to the "L" level, 
and the outputs of the fuse circuits for redundancy 

20 selection that correspond to the three redundancy 

selecting lines JLO, JLl and JRO that are cut change to 
rhe "K" level. 

In this case, the first shift redundancy control 
circuit; unit 3a-l controls the switch operation of the 

25 first switch unit 2a-l so that four decode signal lines 
on the left can be shifted in the direction of the first 
redundancy selecting line JLO positioned close to the 
selecting line RO for normal selection (left shift ^) , 
The first shift redundancy control circuit unit 3a-l 

30 controls the switch operation of the first switch unit 

2a-l so that two decode signal lines on the right can be 
shifted in the direction of the second redundancy 
selecting line JRO posirioned close to the selecting line 

R7 for normal selection (right shift . 
35 Furthermore, the first shift redundancy control 

circuit unit 3a- 1 and the second shift redundancy control 
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circuit unit 3a-2 control the operations of the first and 
second switch units 2a-l and 2a-2 so that the decode 
signal lines and the selecting lines R4 and R5 can be 
connected without executing the left shift and the right 

5 shift (no shift T). The first shift redundancy control 

circuit unit 3a-l and the second shift redundancy control 
circuit unit 3a-2 conrrol the operations of the first and 
second switch units 2a-l and 2a-2 so that the fault 
selecting lines R3 and R6 can be brought into the non- 
10 selection state in which they are not connected to the 

decode signal lines (corresponding to "X" in the columns 
of the first and second shift redundancy control circuit 
units 3a-l and 3a-2 (with the proviso that the portions 
associated with the fault selecting lines R3 and R6)), 
15 As shown m Fig, 106, further, the second shift 

redundancy control circuit unit 3a-2 controls the switch 
operation of three decode signal lines on the left can be 
shifted further in the direction of the first redundancy 
selecting line JLl positioned apart from the selecting 
20 line RO for normal selection (left shift The second 

shift redundancy control circuit unit 3a-2 operates the 
switch devices so that the decode signal lines r the 
selecting lines R2 and R7 and the second redundancy 
selecting lines JRO can be connected without executing 
25 the left shift and the right shift (no shift T). 

Furthermore r the second shift redundancy control circuit 
unit 3a*2 controls the operation of the second switch 
unit 2a*2 so that one fault selecting line Rl can be 
brought into the non-selection state in which it is not 
3 0 connected to any of the decode signal lines 

(corresponding to "X" in the column of the second shift 
redundancy control circuit unit 3a-2 (with the proviso 
that the portions associated with the fault selecting 
line) . In this way, the three fault selecting lines R, 
35 R3 and R6 can be relieved by bringing them into the non- 
selection state in which they are not connected to any of 
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the decode signal lines, 

At Tihis time, only the first output signal uoutO at 
the position to which the signals from the fuses for 
normal selection and the fuses for redundancy selection 
and at which the left shift is executed in the first 
shift redundancy control circuit unit 3a-l in the same 
way as in Fig. 105 are at the "H" levels and the first 
output signals uoutO at other positions are all at the 
"L" level. Therefore, the state in which one of the 
first output signals uoutO = "H" and the other of the 
first output signals loutO = "L" may be judged as the 
left shift. On the other hand, in the second shift 
redundancy control circuit unit 3a-2r too, only the 
second ourput signal uoutl at the position to which the 
signals from the fuses for normal selection and the fuses 
for redundancy selection are inputted and at which the 
left shift is executed remains at the "H" level, and the 
second out-pu*:: signals at o-her positions change to the 
"L" level, in the same way as in Fig. 105. Therefore, 
the state in which one of the second output signals uoutl 
"K'' and the other second output signal lout 1 = "L" may 
be judged as the left shift. 

Next, the constructions of the principal portions of 
the seventh preferred embodiment of the present invention 
having the one-bit: to four-bit shift, redundancy functions 
will be serially explained. 

Fig. 107 is a circuit diagram showing the 
construction of the fuse circuit for normal selection m 
-the seventh preferred embodiment. The fuse circuit for 
normal selection (with the exception of the fuse circuits 
for selection that are subjected to redundancy at the 
time of forced redundancy) 60d represents one of a 
plurality of fuse circuits in the shift redundancy fuse 
circuit unit 4a that are disposed so as to correspond on 
the 1;1 basis to the selecting lines RO to R3, R6 to R(n- 
7) and R(n-4) to R{n-1). 

In Fig. 107 ^ symbol sttxa represents the control 



signal which is at the "H" lavel until the power source 
becomes operative after the power source is switched on 
and falls to the "L" level after the power source becomes 
operative. Symbol cfsa represents the output" signal of 
the fuse circuit 60a, The fuse circuit 60a shown in Fig. 
107 includes a P channel transistor 41a and an N channel 
transistor 42a to which the control signal sttxa is 
inputted, an N channel transistor 44a and two inverters 
43a and 45a. When rhe fuse 4 0a is not cut, the output 
signal cfsa of the fuse circuit rises to the "H" level 
after the power source becomes operative. When the fuse 
40a is cut, the output signal cfsa of -he fuse circuit 
falls to the "L" level. 

Fig. 10 8 is a circuit diagram showing the 
construction of the fuse circuit for redundancy selection 
in the seventh preferred embodiaent of the present 
invention. The fuse circuit 60aj for redundancy 
selection shown in Fig. 108 corresponds to each of the 
fuse circuits for redundancy selection that are used for 
the first and second redundancy selecting lines JLO, JLl, 
JRO and JRI in the shift redundancy fuse circuit unit 4a 
shown in Fig- 95. 

in Fig. 109, syrLbol ftpza represents the control 
signal that rises to the "H" level when the forced 
redundancy operation is executed in order to confirm 
whether or not any fault exists in the redundancy 
selecting lines. The fuse circuit 60a j for redundancy 
selection shown in Fig. 108 includes a P channel 
transistor 41ar and an N channel transistor 4 3ar to which 
the control signal strxa is inputted, a P channel 
transistor 42ar and an N channel transistor 44ar to which 
the control signal ftpza is inputted, an N channel 
transistor 45ar and an inverter 46ra. when the fuse 
(fuse for redundancy selection) 40ar is not cut and 
moreover, when the forced redundancy operation is not 
executed (with the control signal ftpza = "L"), the 
output signal cfsja of the fuse circuit for redundancy 
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selection falls to the "L" level- when the fuse 40ar is 
actually cut, on ths other hand, the output signal cfsja 
of the fuse circuit for redundancy selection rises to the 
"H" level, 

5 In Fig. 108, when the fuse 40r is not cut and 

moreover, when the forced operation is executed (control 
signal ftpsa "H"), the P channel transistor 42ra is 
turned 0?P and the N channel transistor 44ar is turned 
ON, so that the node n03 falls to the "L" level. As a 

10 result/ the output signal cfsja of T:he fuse circuit for 
redundancy selection rises to the "H" level- In this 
case, the fuse 40ar is apparently cut, and it becomes 
possible to confirm whether or not any fault exists in 
the redundancy selecting lines by executing the forced 

15 redundancy operarion with the fuse circuit: for forced 

redundancy selection shown in later-appearing Fig. 109. 

In both of the fuse circuit for normal selection 
shown in Fig. 10 7 and the fuse circuit for redundancy 
selection shown in Fig. 108, the fuse of the fuse circuit 

20 corresponding to the selecting line as the object of 
redundancy and the fuse of the fuse circuit for 
redundancy selection corresponding to the redundancy 
selecting line are cut. 

Fig. 10 9 is a circuit diagram showing the 

25 construction of the fuse circuit for forced redundancy 
selection in the seventh preferred embodiment of the 
present invention. The fuse circuit 60apj for forced 
redundancy selection shown in Fig, 10 9 corresponds to 
each of the fuse circuits for forced redundancy used for 

3 0 the four forced redundancy selecting lines inside the 
shift redundancy selecting lines inside the shift 
redundancy fuse circuit unit 4a shown in Fig. 95 (for 
example, those selecting lines which are not adjacent to, 
but close to, the redundancy selecting lines the 

35 redundancy selecting lines such as the selecting lines 
R4, R5, R(n-6) and R(n-5), 

In Fig. 109, symbol ftpza represents the control 
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signal which rises to the "H" level vhen the forced 
redundancy operation is executed, as described already. 
The fuse circuit oOapj for forced redundancy shown in 
Pig, 109 includes a P channel transistor 41fa and an 
5 channel transistor 43af to which the control signal sttxa 
is inputted r a P channel transistor 42af and an N channel 
transistor 44af to which the control signal ftpza is 
inputted^ an channel transistor 45af ^ and two inverters 
46af and 47af. When the fuse 40af is caused to look as 

10 being apparently cut at the time of forced redundancy, 
the output signal cfsa of the fuse circuit for forced 
redundancy falls to the "L" level. It is possible under 
this state to confirm whether or not any fault exists in 
the redundancy selecting lines before the fuse 

15 corresponding to the selecting line as the object of 
shif-c redundancy is cut. 

The explanation will be given in further detail. 
When the forced redundancy operation is executed, the "H" 
level control signal ftpea is inputted to the gate of 

20 each of the ? and N channel -ransis tors 42a£ and 44af. 
At this time, the ? channel transistor 42fa is turned 
OFF, the N channel transistor 44af is turned ON and the 
input level of the inverter 46af falls to the "L" level. 
As a result, the output level of the inverter 47af 

25 changes to the "L" level, and the "L" level output signal 
cfsa is generated, 

when the forced redundancy operation is not executed 
(control signal ftpza = "L")^ on the other hand, the P 
channel transistor 42af is turned ON, the N channel 

30 transistor 44af is turned OFF, and the input level of the 
inverter 46ar rises to the "H" level. As a result, the 
output level of the inverter 47af rises to the "H" level,, 
and the "H** level output signal cfsa is generated. When 
the fuse 40af is cut actually, the N channel transistor 

35 45af is turned OFF and the input level of the inverter 
46af fails to the "L" level. As a result, the output 
level of the inverter 47af changes to the "L" level, and 
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the '^L" level output signal cfsa is generated. 

Fig, 110 is a circuit diagram showing the 
construction of the first and second shift control 
circuits in the seventh preferred einbodiment of the 
5 present invention. The drawing shows each of a plurality 
of first shift control circuits that constitutes the 
first shift redundancy control circuit unit 3a- 1 (see 
Fig. 95) for controlling the change operation of the 
first switch unit 2a-l (see Fig, 95), and each of a 

10 plurality of second shift control circuits constituting 
the second shift redundancy control circuit unit 3a-2 
(see Fig, 95) for controlling the change operation of the 
second switch unit 2a-2 (see Fig, 95) 

In Fig. liO, syT.bol uoutO represents one of the 

15 output signals in each first shift control circuit of the 
first shift redundancy control circuit unit 3a-l, and 
symbol loutO represents the other output signal in the 
first shift control circuit. Symbol uoutl represents one 
of the output signals in each second shift control 

20 circuit of the second shift redundancy control circuit 
unit 3a-2 and symbol loutl represents the other output 
signal in the second shift control circuit. Syrabol cfsa 
represents the output signal of the fuse circuit. 60a 
shown in Figs. 107 and 108 (also the fuse circuit 60a j 

25 for redundancy selection). 

in Fig. 110, further, each first shift control 
circuit 3 0a-l is the one that controls each switch device 
of the first switch unit 2a-l upon receiving the output 
signal cfsa of the fuse circuit, and includes a first 

30 shift control circuit 30a-i-l for the left shift and a 

first shift control circuit 30a-l-r for the right shift* 
The first shift control circuit 3 0a-l-l for the left 
shift comprises a circuit formed by connecting two NAND 
gates 31a-l and 32a-l as shown in Fig, 110. The first 

35 shift control circuit 30a-l-r similarly comprises a 

circuit formed by connecting two NAND gates 33a-l and 
34a-l as shown in Fig, 110. 



Here, a plurality of shift control circuits inside 
the first shift, redundancy control circuit unit 3a-l 
comprises two series circuits formed by connecting one of 
the first input signals uinO in the first shift control 
circuit 30a-l-l for the left shift to one of the first 
output signals uoutO and connecting the other of the 
first input signals linO in the first shift control 
circuit 30a-l for the right shift to the other of the 
first output signals loutO , and disposed in two stages. 
In the first shift: redundancy control circuit unit 3-1 
described above, the input signal uinO of the first shxft 
control circuit for the left shift, that is positioned at 
one of the ends, and the input signal uinO of the first 
shifr control circuit for the left shift, that is 
positioned at one of the ends, are connected to the power 
source (power source voltage vii) on the high voltage 
side, and the "H" level voltage is inputted to them, 
respectively . 

In Fig. 110, further, each of the second shift 
control circuits 30a-2 is the circuit that controls each 
switch device of the second switch unit 2a-2 upon 
receiving the output signal cfsa of the fuse circuit 60a 
for normal seleccion (and the fuse circuit 60a j for 
redundancy selection) , and includes the second shift 
control circuit 30a-2-l for the left shift and the second 
shift control circuit 30a-2-r for the right shift. The 
second shift conrrol circuit 30a-2-l for the left shift 
comprises a NAND gate 31a-2 and an inverter 32a-2 that 
are connected as shown in Fig. 110. The shift control 
circuit 30a-2-r for the right shift, too, comprises a 
NAND gate 33a-2 and an inverter 34a-2 that are connected 
as shown in Fig. 110, 

Here, each of the shift control circuits in the 
second shift redundancy control circuit unit 3a-2 
comprises two series circuits that are formed by 
connecting one of the second input signals uinl in the 
second shift control circuit 30a-2-l for the left shift 
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and one of the second output signals ucuti and connecting 
the other second input signal Iml in the second shift 
control circuit 30a-2 for the right shift and the other 
second output signal loutl, and that ar^ disposed in two 
5 stages. The input signal uinl of the second shift 

control circuit for the left shifty that is positioned at 
one of the ends^ and the input signal linl of the second 
shift control circuit for the right end, that is 
positioned at the other end, are connected to the power 

10 source (power source voltage vii) on the high voltage 
side, and ths "fi" level voltage is inputted to theru* 

The switch operation of each switch device inside 
the first switch unit 2a-l is controlled by the 
combination of the "K" level and the "L'* level of the 

15 first output signal uoutO and the first output signal 

loutO outputted from the first: shift redundancy control 
circuit unit 3a-l. Further, the switch operation of each 
switch device in the second switch unit 2a-2 is 
controlled by the ccii^bination of the "H" level and the 

20 "L'* level of the second output signal uoutl and the 
second output signal loutl outputted from the second 
shift redundancy conrrol circuit unit 3a-2 , 

In Fig. 110, further, the output terminal of the 
NAND gate 31a-2 of the second shift control circuit 30a- 

25 2-1 for the left shif-c is connected to one of the input 
terminals of the nano gate 32a-l of the first shift 
conTirol circuit 30a-l-l for the left shift. Similarly, 
the second output terminal of the NAND gate 33a-2 of the 
second shift control circuit 30a-r-2 for the right shift 

30 is connected to one of the input terminals of the NAND 

gate 34a-l of the first shifr control circuit 30a-l-r for 
the right shift. When the right shift operation or the 
left direction shift operation of the switch devices of 
the second switch unit 2a-2 by the second shift control 

35 circuit is executed in such a circuit construction, the 

shift operation of the switch devices of the first switch 
unit 2a-l in the sane direction is always executed by the 
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first shift control circuit. Therefore, the switch 
operation for shift redundancy by the first and second 
switch units 2a-l and 2a-2 can be executed without error. 
Fig. Ill is a circuit diagram showing the 
5 construction of the first switch unit in the seventh 

preferred embodiment of the present invention, and Fig, 
112 is a circuit diagram showing the construction of the 
second switch unit in the seventh preferred embodiment* 
These drawings show zhe circuit construction of each of a 

10 plurality of switch devices in the first and second 

switch units 2a-I and 2a-2. In this case, a plurality of 
switch devices of the first and second switch units 2a-l 
and 2a-2 are disposed in two stages and in series^ as 
described already. The first and second switch units 2a-' 

15 1 and 2a-2 include the circuit element corresponding to 
each switch device, and have also the funcrion of 
supplying a prede-cermined output voltage by driving the 
selecting line when the load of this selecting line 
becomes great. 

20 AS shown in Fig. Ill, the firs- output signal uoutO 

in each of the first shift control circuits in the first 
shift redundancy control circuit unit 3a-l is inputted to 
each switch device of the f irsz switch unit 2a-l. of the 
first stage, and the first output signal loutO in the 

25 first shift control circuit is also inputted. Symbol 

cfsa represents the output signal of the afore-mentioned 
fuse circuit 60a (see Fig, 107), and symbols pcllO, pclmO 
and pclrO correspond to three adjacent decode signal 
lines d(#-l), d# and d(#'M) in a plurality of decode 

30 signal lines, respectively. Here, symbol # represents 

the number of a predetermined decode signal line. Symbol 
pell represents the output signal of an arbitrary switch 
device of the first switch unit 2a-l^ and this signal is 
supplied to any one of the switch devices of the second 

35 switch unit 2a-2 of the second stage. 

Preferably, each switch device of the first switch 
unit 2a-l shown in Fig. Ill can select the mode for 
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executing the shift operation in the direction of the 
first redundancy selecting line JLO (that is, the left 
shift)/ the mode for executing the shift operation in the 
direction of the second redundancy selecting line JRO 
5 (that is, the right shift) and the mods for not executing 
the shift operation (that is, no shift), in accordance 
with the combination of the first output signals uoutO 
and ioutO in each first shift control circuit ox the 
first shift redundancy control circuit unit 3a-i. 

10 Each switch device in the first switch unit 2a-l 

shown in Fig. Ill includes a NCR gate (NOR disjunction 
gate) 21a-l using, as three input signals thereof, the 
signal obtained by invertiing the output signal cfsa of 
the fuse circuit by an inverter 20a-l, one of rhe output 

15 signals uoutl of the first shift control circuit and the 
ether output signal lout 1 of the first shift control 
circuit, and a three-directional switch device comprising 
three inverters 2a-l, 24a-l and 25a-l and three transfer 
gates 23a-l, 25a-l and 27a-l. 

20 The explanation will be given in further detail. 

When both of the output signals uoutO and ioutO of the 
first shift control circuit are at the "L" level and the 
output signal cfsa of the fuse circuit is at the "H" 
level, the mode for not executing the shift redundancy 

25 operation is selected, and the second transfer gare 25a-l 
is turned ON. When the output signals uoutO and loutO of 
the first shift control circuit are at the "H" and "L" 
levels, respectively, and when the output signal cfsa of 
the fuse circuit is at the "H" level, the mode for 

30 executing the shift redundancy operation in one direction 
is selected, and the first transfer gate 23a*l is turned 
ON, When the output signals uoutO and loutO of the first 
shift control circuit: are at the "L'* and "H" levels, 
respectively, and when the output signal cfsa of the fuse 

35 circuit is at the "H" level, the mode for executing the 
shift redundancy operation in the other direction is 
selected, and the third transfer gate 27a-l is turned ON. 



On the other hand, as shown in Fig. 112 ^ the second 
output signal uouti of each shift control circuit of the 
second redundancy control circuit unit 3a-2 is inputted 
to each switch device in the second switch unit 2a-2 of 
the second stage, and the second output signal loutl in 
the second shift control circuit is also inputted. 
Syiaboi cfsa represents the output signal of the fuss 
circuit 60a {see Fig. 107), and symbols pclll, pclinl and 
pcl41 correspond to the output signals from three 
adjacent switch devices {pell in ?ig. Ill) among a 
plurality of switch devices of rhe first switch unit 2a" 
1, respectively. Symbol csi represents the output signal 
of arbitrary swirch device of the second switch unit 2a- 
2/ which is supplied to arbitrary one of the selecting 
lines . 

Each switch device of the second switch unit 2a-2 
shown in Fig. 112 can preferably select the mode for 
executing the shift operation in the direction of the 
second redundancy selecting line JLl {that is, the left 
shift) ^ the mode for executing the shift operation in the 
direction of the second redundancy selecting line JLO 
(that is, the right shift) and the mode for not executing 
the shift operation (that is, no shift), in accordance 
with rhe combination of the second output signals in each 
of the second shift control circuits of the second shift 
redundancy control circuit unit 3a-2. 

Sach switch device of the second switch unit 2a-2 
shown in Fig. 112 includes a NOK gate (nondisjunction 
gats) using, as three input signals thereof, the signal 
obtained by inverring the output signal cfsa of the fuse 
circuit by an inverter 20a-2, one of the output signals 
uoutl of the second shift control circuit and the other 
output signal loutl of the second shift control circuit, 
and a three-directional switch device comprising three 
inverters 22a-2, 24a-2 and 26a-2 and three transfer gates 
23a-2, 25a'2 and 27a-2. 

The explanation will be given in further detail. 
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When both of the output signals uourl and lout of the 
second shift control circuit are at the "L" level and the 
output signal cfsa of the fuse circuit is at the "H" 
level, the mode for not executing the shift redundancy 
5 operation is selected^ and the second transfer gate 25a-2 
is turned ON. when the output signals uoutl and loutl of 
the second shift control circuit are at the "H'* and "L" 
levels, respectively, and when the output signal cfsa of 
the fuse circuit is at the "H" level, the mode for 
10 executing the shift redundancy operation in one direction 
is selected, and the first transfer gate 23a-2 is turned 
0N> When the output signals uoutl and loutl are at the 
"L" and "H" levels, respectively, and when the output 
signal cfsa of the fuse circuit is at the '^H'* level, the 
15 ir.ode for executing the shift redundancy operation in the 
other direction is selected, and the third transfer gate 
27a-2 is turned ON. 

Further, when both of the output signals uoutl and 
lout 1 of Tiihe second shift control circuit are at the "L" 
20 level and the outpur signal cfsa of the fuse circuit is 
at the "L" level, three transfer gates 23a-i, 25a-l and 
27a-l are all turned OF?. At this time, the P channel 
transistor 2Sa02 is turned ON and the "H" level voltage 
is inputted to the inverter 23a-2* This inverter 25a-2 
25 functions as an output driver, and the output voltage of 
this output driver changes to the "L'* level. In other 
words, when the selecting line connected to this output 
driver 29a-2 is the fault selecting line, this fault 
selecting line can be brought always into the non- 
30 selection stats. 

Figs, 113 and 114 are block diagrams Nos. 1 and 2 
each showing the overall circuit construction of the 
seventh preferred embodiment; of the present invention, 
respectively. These drawings illustrate the case in 
35 which the semiconductor memory device (parent circuit) 
having sixty-four selecting lines RO to R63 and four, 
first and second redundancy selecting lines JLO, JLl, JRO 



and JRl is constituted by connecting a plurality of 
children circuits such as the fuse circuits for normal 
selection showing in Fig. 107, the fuse circuits for 
redundancy selection shown in Fig* 108, the first and 
second shift comirol circuits shown in Fig. 110 and the 
first and second switch units shown in Figs. Ill and 112, 
with each other. 

Fig. 113 shows the left end portion of such a parent 
circuit and Fig, 114 shows its right end portion. In 
Figs. 113 and 114, a plurality of fuse circuits for 
normal selection (such as first to 64-th fuse circuits 
50a to 63a) are shown connected to a plurality of first 
shift control circuits, respectively. These first shift 
control circuits include the 1st first shift control 
circuit 30a-l-10 for the left shift positioned at the 
extreme lefz to the 64-th first shift control circuit 
30a-l-163 for the left shift, and the 1st first shift 
control circuit 30a-l-rO for the right shift to the 64-th 
first shifr control circuit 30a-l-r63 for the rxght 
shift. 

The output signals (uoutO and lourO) from these 
shift control circuits are used for controlling the 
switch operarion of a plurality of switch devices of the 
first switch unit 2a-l. The decode signal lines of the 
decoder circuits shown in Fig. 95 are connected to a 
plurality of switch devices of the first switch unit 2a- 
1, and the decode signals Sdec outputted from the decode 
circuits are supplied to a plurality of switch devices of 
the first switch unit 2a-l. Incidentally, each of the 
switch devices of the first switch unit 2a-l includes the 
circuit elements corresponding thereto, as described 
already . 

In Figs. 113 to 114, a plurality of fuse circuits 
for normal selection are connected to a plurality of 
second shift control circuits, too, respectively. These 
second shift control circuit includes the 1st second 
shift control circuit 30a-2-10 for the left shift to the 



19995 'B21B im":! 



':4; 



2/229 



- 152 - 

€4-th second shift conrrol circuit 30a-2*163 for the left 
shift, and the 1st second shift control circuit 30a-2-r0 
for the right shift to the 64-th second shift control 
circuit 30a-2-r63 for the right shift. 
5 The output signals (uoutl and loutl) of these second 

shift control circuits are used for controlling the 
switch operation of a plurality of switch devices of the 
second switch unit 2a-2, A plurality of switch devices 
ox the first switch unit 2a-l shown in Fig. 95 are 

10 connected to a plurality of switch devices of the second 
switch unit 2a-2, and the decode signals Sdec outputted 
from the decode circuits are supplied to a plurality of 
switch devices of the second switch unit 2a-2 through a 
plurality of switch devices of the first switch unit 2a- 

15 1. Incidentally^ each of these switch devices of the 
second switch unit 2a-2 includes the circuit elements 
corresponding thereto. 

in Figs- 113 and 114, further, the fuse circuit 
60aj-10 for redundancy selection that is positioned close 

20 to the selecting line RO of rhe ex-creme left is connected 
to the first shift control circuit 30a-l-jll0 for 
redundancy selection for the left shift. On the other 
hand/ the fuse circuit eOaj-rO for redundancy selection 
that is positioned close to the selecting line at the 

25 extreme right is connected to the first shift control 

circuit 30a-l-jrr0 for redundancy selection for the right 
shift. 

In Figs. 113 and 114, further, the fuse circuit 
60aj-10 for redundancy selection that is positioned close 

3 0 to the selecting line RO at the extreme left is connected 
to the second shift control circuit 30-2-jllO for the 
left shift and to the second shift control circuit 30a-2- 
3lrO for redundancy selection for the right shift, 
Further, the fuse circuit 60aj-ll for redundancy 

35 selection that is positioned apart from the selecting 
line RO at the extreiae left is connected to the second 
shift control circuit 30a-2-jllI for redundancy selection 
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for the Left shift. On the other hand, the fuse circuit 
60aj-r0 for redundancy selection that is positioned close 
to the selecting line R63 at the extreme right is 
connected to the second shift control circuit 30a-2-jrlO 
for redundancy selection for the left shift and to the 
second shift control circuit 30a-2-jrrQ for the right 
shift. Furthermore, the fuse circuit SQaj-rl for 
redundancy selecrion thar is positioned apart from the 
selecting line R6 3 for the extreme right is connected to 
the second shift control circuit 30a-2-jrri for 
redundancy selection for the right shift, 

Furtherntora^ each shift: control circuit shown in 
rigs. 113 and 114 comprises the series circuits that are 
formed by connect:ing one of the fist input signal uinO of 
the mutually left adjacent, first: shift control circuits 
for the left $hift to one or the first output, signals 
uoutO and connecting the other first input signal linO of 
the mutually right adjacent first shift control circuits 
for the right shift to the other first output signal 
loutO, and that are disposed in two stages. The "H" 
level voltage from the power source (power source voltage 
Vii) on the high voltage side is inputted to the input 
signal uinO of the first shift control circuit 30a-l-jll0 
for the left shift, that is positioned at the left end, 
and to the input signal linO of the second shift control 
circuit 3Qa-l*jrrO for redundancy selection for the right 
shift that is positioned at the right end. 

Each shift control circuit shown in Figs. 113 and 
114 comprises series circuits that are formed by 
connecting one of the second input signals uinl in the 
mutually adjacent second shift control circuits for the 
left shift to one of the second output signals uoutl^ and 
connecting the other of the second input signals linl in 
the second shift control circuit for the right shift to 
the other of the second output signals lout 1, and that 
are disposed in two stages. The "H" level voltage is 
inputted from the power source (power source voltage vii) 



on the high voltage side to the input signal uinl of the 
second shift control circuit 3Qa-2-jlll that is 
positioned ar the extreme left and to the input signal 
linl of the second shift control circuit 30a-2-jrrl for 
the redundancy select.ion for the right shift that is 
positioned at the extreiTte right* 

in the seventh preferred embodiment, the fuses must 
be disposed on the 1:1 basis for a plurality of selecting 
lines in order to execu-ce the one-bit to four-bit shift 
redundancy process. Therefore, when the number of 
selecting lines increases, the number of fuses increases, 
too. In a semiconductor memory device having sixty-^four 
selecting lines, for example, sixty-eight, in total, 
fuses must be laid out on the semiconductor chip in such 
a manner as zo correspond to the sixty-four selecting 
lines and the four redundancy selecting lines. 

In view of the problem described above, it is 
possible to generate the fuse decode signals by decoding 
the signals generated by the combinations of a plurality 
of fuses zn order to minimize the necessary number of 
fuses, when the fuse decode signals corresponding to the 
sixty-four selecting lines are generated, for example, 
sixtv-four fuse decode signals can be generated by 
combining six fuses (2' ^ 64), Therefore, sixteen fuses, 
inclusive of four fuses for redundancy selecting fuses, 
may be prepared. 

As explained above, the semiconductor memory device 
according to the typical embodiments of the presenT: 
invention first controls the switch operation of the 
switches, when the faults occur in two selecting lines 
among a plurality of selecting lines, so that a plurality 
of decode signal lines can be shifted by one bit in the 
direction of the first redundancy selecting line 
positioned at one of the ends among a plurality of 
selecting lines and a plurality of decode signal lines 
can be shifted by one bit in the direction of the second 
redundancy selecting line positioned at the other end 



among a plurality of selecting lines. Therefore, when 
two or mora than two fault selecting lines occur due to 
mutual short:-circuit among a plurality of selecting 
lines, etc., the shift operation is executed in the 
direction of one of the redundancy selecting lines and in 
the direction of the orher. In this way, the two-bit 
shift redundancy operation is executed with low power 
consumption and by high-speed access, and the fault 
selecting lines can be relieved efficiently. 

Second, when the fault occurs in one of the 
selecting lines among a plurality of selecting lines, the 
semiconductor memory device according to the typical 
embodiments of the present invention controls the switch 
operation of the switch devices so that a plurality of 
decode signal lines can be shifted by one bit in the 
direction of the redundancy selecting line positioned at 
either of the ends among a plurality of selecting lines. 
Therefore, when one fault selecting line occurs, the 
shift operation is executed in the direction of either 
one of the two redundancy selecting lines in the same way 
as in the conventional shift redundancy system. In this 
way, the one-bit shift redundancy operation is executed 
and the fault selecting line can be relieved. 

Third, in the semiconductor memory device according 
to the typical embodiments of the present invention, the 
DC voltage level representing whether or not the fuse is 
cut is outputted from the shift redundancy fuse circuit 
unit. Therefore, the high-speed operation of the signal 
processing is not necessary, the circuit layout on the 
semiconducTior chip can be relatively simplified, and the 
occupying area of the semiconductor chip can be reduced* 

Fourth, in the semiconductor memory device according 
to the typical embodiments of the present invention^ the 
shift redundancy control circuit unit can be constituted 
by the NAND gate or NOR gate for outputting the shift 
control, signal for executing shift redundancy upon 
receiving the output result of the fuse circuit and the 
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inverter. Therefore, the shift redundancy control 
circuit can be constituted by a simple circuit 
construction. 

Fifth, in the semiconductor memory device according 
5 to the typical embodiments of the present invention^ each 
of the svitch devices connected to a plurality of 
selecting lines comprises a thrse-directioual switch 
device capable of selecting the mode for executing shift 
redundancy to the left; the mods for executing shift 

10 redundancy to the right and the mode for not executing 
shift redundancy. Therefore r the switch device can be 
constituted by a simple circuit construction. 

Sixths the semiconductor memory device according to 
the typical embodiments of the present invention includes 

15 the forced redundancy fuse circuit which causes the fuse, 
that corresponds to a predetermined selecting line, to 
look as being apparently cutv Therefore^ it becomes 
possible before cutting the redundancy selecting line to 
confirm whether or not any fault exists in the redundancy 

20 selecting lines, and the influences of adjacent selecting 
lines on the redundancy selecting line can be tested 
simply. 

Seventh, the semiconductor memory device according 
to the typical embodiments of the present invention 

25 judges whether or not the shift redundancy process is 
executed by evaluating the output level of the fuse 
circuit for redundancy judgement and judging whether or 
not a part of the fuses is cut, inside a plurality of 
memory cell blocks. Therefore, the block in which the 

30 shift redundancy process is executed can be easily 

detected even after the manufacture of the package, etc, 
by mounting the semiconductor memory device on the chip. 

Eighth, in the semiconductor memory device according 
to the typical embodiments of the present invention, the 

35 data write or read operation is carried out by selecting 
the memory cell in each block in such a manner that the 
sequence of a plurality of memory cell blocks does not 



- 157 - 



change, when the shift redundancy process is executed. 

Ninth/ in ^che semiconductor memory device according 
to the typical embodiments of the present invention, a 
plurality of selecting lines and a plurality of fuses are 
laid out in the same pitch in the semiconductor chip. 
Therefore, the selecting line for which the shift 
redundancy process is executed can be confirmed at a 
glance . 

Tenth, when the faults occur in tvo selecting lines 
among a plurality of selecting lines in the semiconductor 
memory device according to the typical embodiments of the 
present invention, the addresses of the fuses 
corresponding to these two fault selecting lines are 
designated and the fuse decode signals are generated by 
the combination of a smaller number of fuses than the 
total number of the selecting lines. Therefore, the 
number of fuses mounted on the semiconductor chip can be 
decreased, and the occupying area of the fuses on the 
semiconductor chip can be saved. 

Eleventh, when the fault occurs in one of a 
plurality of selecting lines, the semiconductor memory 
device according to the typical embodiments of the 
present invention designates the address of the fuse 
corresponding to this one fault selecting line and 
generates the fuse decode signal by the combination of a 
smaller number of fuses than the total number of 
selecting lines. Therefore, the semiconductor memory 
device can execute the one-bit shift redundancy operation 
by using a smaller number of fuses than in the prior art 
devices and can relieve the fault selecting line. 

Twelfth, the semiconductor memory device according 
to the typical embodiments of the present invention 
allows two adjacent cell arrays inside the semiconductor 
chip to share the fuse circuit for normal selection^ and 
the fuse circuit for forced redundancy, and disposes 
independently the fuse circuits for redundancy selection 
j.n such a manner as to correspond to the cell arrays, 
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respectively. in this way, the semiconductor memory 
device can execute the two-bit or one*bit shift 
redundancy operation for the total number of selecting 
lines of the two adjacent cell arrays, and can therefore 
5 increase the degree of freedom of redundancy for the 
fuses for redundancy selection. 

Thirteenth, the semiconductor memory device 
according to the typical embodiments of the present 
invention allows two adjacent cell arrays in the 

10 semiconductor chip to share the fuse circuit for normal 

selection and the fuse circuit for forced redundancy, and 
disposes independently the fuse circuits for redundancy 
selection in such a manner as zo correspond to the cell 
arrays, respectively. Therefore, the semiconductor 

15 memory device can execu-ce the two-bit or one-bit shift 
redundancy operation for the selecting lines of either 
one of the two adjacent cells ^ can also execute the two- 
bit or one-bit shift redundancy operation for the 
selecting lines of both cell arrays, and can Increase the 

20 degree of freedom of redundancy in comparison with the 
system in which the shift redundancy operation is 
executed for each cell array. 

Fourteenth, when the shift redundancy operation is 
executed for the coluiTin selecting lines disposed for a 

25 plurality of row blocks, the semiconductor memory device 
according to the typical embodiments of the present 
invention incorporates the logic of the address of the 
row block into the address of the column selecting line 
as the object of the shift redundancy operation. In this 

30 wayr each of the column selecting lines receives the 

logic of the address of the row block corresponding to 
the row block of its own, and the degree of freedom of 
redundancy can be increased relatively by executing the 
shift redundancy operation in the row block unit. 

35 Fifteenth, the semiconductor memory device according 

to the typical embodiments of the present invention 
disposes the switch units having the shift redundancy 
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function of at least two bits in two stages and in 
series, and causes each switch unit to execute the switch 
operation for shifting the decode signal lines in the 
direction of the redundancy selecting line positioned at 
5 one of the ends or in the direction of the redundancy 

selecting line at the other end, or in the directions of 
both redundancy selecting lines. In this way, when three 
or more than three fault selecting lines occur on the 
semiconductor chip due to group defects, etc., these 
10 fault selecting lines can be relieved by executing the 
shift redundancy operation or three or more than three 
bits. Therefore, the production yield of the chips can 
be improved. 

Sixteenth^ the semiconductor meinory device according 
15 to the typical embodiments of the present invention 

causes at least one of the swirch units disposed in two 
stages to execute the switch operation in the direction 
of one of the redundancy selecting lines or in the 
direction of the other redundancy selecting line or in 
20 the directions of both redundancy selecting lines. Sven 
when one or two fault selecting lines occur on the 
semiconductor chip, therefore^ these fault selecting 
lines can be relieved. 
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CLAIMS. 

1 . A semiconductor memory device including a 
plurality of selecting lines for writing or reading data 
by selecting a specific memory cell from among a 

5 plurality of memory cells on the basis of the address 
signal supplied from external, comprising: 

at least one first redundancy selecting 
line positioned at one of the ends in a plurality of said 
selecting lines and at least one second redundancy 

10 selecting line positioned at the other end; and 

a switch circuit for changeably connecting 
a plurality of decode signal lines decoding said address 
Signal to a plurality of said selecting lines and said 
redundancy selecting lines; 

15 wherein/ when any fault occurs in a 

plurality of said selecting lines, a first switch 
operation for shifting at least one of said decode signal 
lines in the direction of said first redundancy selecting 
line is executed, or a second switch operation for 

20 shifting at least one of said decode signal lines in the 
direction of said second redundancy selecting line is 
executed; or both of said first and second switch 
operations are executed. 

2. A semiconductor memory device according to 
25 claim 1^ wherein, when the faults occur in two of a 

plurality of said selecting lines, both of said first and 
second switch operations are executed. 

3 . A semiconductor memory device according to 
claim 2, wherein, when a plurality of said selecting 

30 lines are disposed in alignment in the transverse 
direction and when the faults occur in two of said 
selecting lines, said first switch operation is executed 
by shifting at least one of said decode signal lines in 
the left direction and said second switch operation is 

35 executed by shifting at least one of said decode signal 
lines in the right direction • 

4. A semiconductor memory device according to 
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claim 1, wherein, when a fault occurs in one of a 
plurality of said selecting lines, either one of said 
first and second switch operations is executed. 

5. A semiconductor memory device according to 
5 claim 4, wherein, when a plurality of said selecting 

lines are disposed in alignment in the transverse 
direction and when a fault occurs in one of said 
selecting lines ^ said first switch operation is executed 
by shifting at least one of said decode signal lines in 
10 the left direction; or said second switch operation is 
executed by shifting at least one of said decode signal 
lines in the right direction, 

6. A semiconductor memory device including a 
plurality of selecting lines for writing or reading data 

15 by selecting a specific meiuory cell from among a 

plurality of memory cells on the basis of an address 
signal supplied from external, comprising: 

at least one first redundancy selecting 
line positioned at one of the ends among a plurality of 

20 said selec-cing lines and at least one second redundancy 
selecting line positioned at the other end; 

a switch unit including a plurality of 
switch devices for changeably connecting a plurality of 
decode, signal lines decoding said address signal to a 

25 plurality of said selecting lines and to said redundancy 
selecting lines; 

a shift redundancy fuse circuit unit 
having a plurality of fuses disposed so as to correspond 
to a plurality of said selecting lines and to said 

30 redundancy selecting lines, and cutting said fuses 

corresponding to faulz selecting lines when faulrs occur 
in a plurality of said selecting lines, and fuses for 
redundancy selection, corresponding to said redundancy 
selecting lines; and 

35 a shift redundancy control circuit unit 

for controlling a plurality of said switch devices in 
such a manner as to execute a first switch operation for 



shifting at laast one of said decode signal lines in the 
direction of said first redundancy selecting line, or a 
second switch operation for shifting at least one of said 
decode signal lines in the direction of said second 
redundancy selecting line or borh of said first and 
second operations, in accordance with the output result 
from said shift redundancy fuse circuit unit. 

7. A semiconductor memory device according to 
claim 6, wherein, when faults occur in two of a plurality 
of said selecting lines, said shift redundancy fuse 
circuit unit cuts said fuses corresponding to two fault 
selecting lines in which the faults occur and said 
redundancy selecting fuses corresponding to said 
redundancy selecting line, and said shift redundancy 
control circuit unit controls a plurality of said switch 
■ devices in such a manner as to execuxe both of said first 
and second switch operations. 

8. A semiconductor memory device according to 
claim 7, wherein, when a plurality of said selecting 
lines are disposed in alignment in the transverse 
direction and when faults occur in two of said selecting 
lines, said first switch operation is executed by 
shifting at least one of said decode signal lines in the 
lef- direction and said second switch operation is 
executed by shifting at least one of said decode signal 
lines in the right direction. 

9. A semiconductor memory device according to 
claim 7, wherein the output result from said shift 
redundancy fuse circuit unit is outputted by a level of a 
DC voltage representing whether or not said fuses 
corresponding to said fault selecting lines and said 
redundancy selecting fuses are cut, 

10. A semiconductor memory device according to 
claim 7, wherein said shift redundancy control circuit 
unit includes a NAND gate for outputting a shift control 
signal for shifting a plurality of said selecting lines 
in either direction upon receiving the output result from 
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said shift redundaacy fuse circuit unit, aad an inverter 
for inverting said shift control signal from said ^AlilD 
gate, 

11, A semiconductor memory dsvice according to 

5 claim 7, wherein said shift redundancy control circuit 
unit includes a NOR gate for outputting a shift control 
signal for shifting a plurality of said selecting lines 
in either direction upon receiving the output result from 
said shift redundancy fuse circuit unit/ and an inverter 
10 for inverting said shift control signal from said nor 
gate, 

12, A semiconductor memory device according to 
claim 7, wherein each of a plurality of said switch 
devices inside said switch unit is a three-directional 

15 switch device capable of selecting a mode for executing 
Tihe shift operarion in the direction of said first 
redundancy selecting line, a mode for executing the shift 
operation in the direction of said second redundancy 
selecting line or a mode for not executing said shift 

20' operations. 

13, A semiconductor memory device according to 
claim 12, wherein each of a plurality of said switch 
devices can select a non-selection mode for not 
connecting said decade signal line to said fault 

25 selecting line. 

14, A semiconductor memory device according to 
claim 7/ wherein said shift redundancy fuse circuit unit 
includes a fuse circuit for normal selection that is used 
for a normal operation, a fuse circuit for redundancy 

30 selection that is used for redundancy selection, and a 
fuse circuit for forced redundancy that is used for 
forced redundancy, 

15, A semiconductor memory device according to 
claim 7, wherein said shift redundancy fuse circuit unit 

3 5 includes a fuse circuit for forced redundancy for causing 
a fuse corresponding to a predetermined selecting line to 
look as being apparently cut at the time of forced 
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rednndancy in order to confirm whether or not any fault 
exists in said redundancy selecting lines* 

16. A semiconductor memory device according to 
claim 15 r wherein said selecting line connected to said 

5 fuse circuit for forced redundancy is disposed at a 
position other than the adjacent position of said 
redundancy selecting line. 

17. A semiconductor memory device according to 
claim wherein, when any fault occurs in one of a 

iO plurality of said selecting lines, said shift redundancy 
fuse circuit unit cuts the fuse corresponding to said 
fault selecting line in which said fault occurs and said 
redundancy selecting fuse corresponding to said 
redundancy select:ing line, and said shift redundancy 

15 control circuit unit contirols a plurality of said switch 
devices in such a manner as to execute either one of said 
first and second switch operations* 

18. A semiconductor memory device according to 
claim 17, wherein, when a plurality of said selecting 

2 0 lines are disposed in alignment in the transverse 

direct:ion and when a fault occurs in one of a plurality 
of said selecting lines, said first switch operation is 
executed by shifting at least one of said decode signal 
lines in the left direction or said second switch 

25 operation is executed by shifting at least one of said 
decode signal lines in zhe righi: direction. 

19. A semiconductor memory device according to 
claim 17, wherein the output result from said shift 
redundancy fuse circuit unit is outputted by a level of 

30 DC voltage representing whether or not said fuse 

corresponding to said fault selecting line and said 
redundancy selecting fuse are cut, 

20. A semiconductor memory device according to 
claim 17, wherein said shift redundancy control circuit 

35 unit includes a NAND gate for outputting a shift control 
signal for shifting a plurality of said selecting lines 
in either direction upon receiving the output result from 
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said shift redundancy fuse circuit unit^ and an inverter 
for inverting said shift control signal from said tUKtlti 

21. A semiconductor memory device according to 

5 claim 17, wherein said shift redundancy control circuit 
unit includes a N05^ gate for outputting a shift control 
signal for shifting a plurality of said selecting lines 
in either direction upon receiving the output result from 
said shift redundancy fuse circuit unit, and an inverter 
10 for inverting said shift control signal from said NOR 
gate. 

22. A semiconductor memory device according to 
claim 17, wherein each of a plurality of said switch 
devices inside said switch unit is a three-directional 

15 switch device capable of selecting a mode for executing a 
shift operation in one of nhe directions of said 
redundancy selecting lines, a mode for executing said 
shift operation in the other direction of said redundancy 
selecting lines, and a mode for not executing said shift 

20 operations. 

23. A semiconductor memory device according to 
claim 22, wherein each of a plurality of said switch 
devices can select a non-selection mode in which said 
decode signal lines and said fault selecting lines are 

25 not connected- 

24. A semiconductor memory device according to 
claim 17/ wherein said shift redundancy fuse circuit unit 
includes a fuse circuit for normal selection that is used 
for normal selection, a fuse circuit for redundancy 

3 0 selection that is used for redundancy selection and a 
fuse circuit for forced redundancy that is used for 
forced redundancy. 

25. A semiconductor memory device according to 
claim 17, wherein said shift redundancy fuse circuit unit 

35 includes a fuse circuit for forced redundancy for causing 
a fuse corresponding to a predetermined selecting line to 
look as being apparently cut at the time of forced 
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redundancy, and confirms whether or not any fault exists 
in said redundancy selecting line. 

26. A semiconductor laemory device according to 
claim 25 f wherein said selecting line connected to said 

5 fuse circuit for forced redundancy is disposed at a 
position other than the adjacent position to said 
redundancy selecting lines, 

27. A semiconductor luemory device according to 
claim 6, which detects whether or not said redundancy 

10 selecting lines are used by evaluating the output level 
of said shift redundancy fuse circuit unit and judging 
whether or not at least one of said fuses is cut in the 
block of a plurality of said memory cells - 

28. A semiconductor memory device according to 
15 claira 6^ wherein the data write or read operation is 

e^cecuted in such a manner that periodicity of a plurality 
of said memory cells is in conformity with periodicity of 
said laemory cell block selected by said selecting lines. 

29. A semiconductor memory device according to 

20 claim wherein a plurality of said selecting lines and 
a plurality of said fuses are laid out in the same pitch 
in the semiconductor chip, 

30. A semiconductor memory device according to 
claim 7, which detects whether or not said redundancy 

25 selecting lines are used by evaluating the output level 
of said shift redundancy fuse circuit unit and judging 
whether or not at least one of said fuses is cut in the 
block of a plurality of said memory cells, 

31. A semiconductor memory device according to 
30 claim 7, wherein the data write or read operation is 

executed in such a manner that that periodicity of a 
plurality of said memory cells is in conformity with 
periodicity of said memory cell block selected by said 
selecting lines, 
35 32, A semiconductor memory device according to 

claim 7, wherein a plurality of said selecting lines and 
a plurality of said fuses are laid out in the same pitch 
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in the semiconductior chip, 

33. A semiconductor memory device according to 
claim Sf which detects whether or not said redundancy 
selecting lines are used by evaluating the output level 

S of said shift redundancy fuse circuit unit and judging 
whether or not at least one of said fuses is cut in the 
block of a plurality of said memory cells, 

34. A semiconductor memory device according to 
claim 3, wherein the data write or read operation is 

10 executed in such a znanner that periodicity of a plurality 
of said .Tiemory cells is in conformity with periodicity of 
said n\emory cells selected by said selecting lines, 

35. A semiconductor memory device according to 
claim 3 r wherein a plurality of said selecting lines and 

15 a plurality of said fuses are laid out in the same pitch 
in the semiconductor chip. 

36. A semiconductor memory device according to 
claim 9, which detects whsx-her or nor, said redundancy 
selecting lines are used by evaluating the output level 

20 of said shift redundancy fuse circuit unit and judging 

whether or nor at least one fuse is cut in the block of a 
plurality of said memory cells. 

37. A semiconductor memory device according to 
claim 9, wherein the data write or read operation is 

25 executed in such a manner that periodicity of a plurality 
of said memory cells is in conformity with periodicity of 
said memory cell block selected by said selecting lines. 

38. A semiconductor memory device according to 
claim 9, wherein a plurality of said selecting lines and 

30 a plurality of said fuses are laid out in the same pitch 
in the semiconductor chip. 

39. A semiconductor memory device according to 
claim 10^ which detects whether or not said redundancy 
selecting lines are used by evaluating the output level 

35 of said shift redundancy fuse circuit unit and judging 

whether or not at least one fuse is cut in the block of a 
plurality of said memory cells. 
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40, A semiconductor memory device according to 
claim 10, wherein the data write or read operation is 
executed in such a manner that periodicity of a plurality 
of said memory cells is in conformity with periodicity of 

5 said memory cell block selected by said selecting lines. 

41. A semiconductor memory device according to 
claim 10, wherein a plurality of selecting lines and a 
plurality of said fuses are laid out in the same pitch in 
the semiconductor chip. 

10 42. A semiconductor memory device according to 

claim II, which detects whether or not said redundancy 
selecting lines are used by evaluating the output level 
of said shift redundancy fuse circuit unit and judging 
whether or not at least one of said fuses is cut in the 

15 block of a plurality of memory cells. 

43. A semiconductor memory device according to 
claim 11, wherein the data write or read operation is 
executed in such a manner that periodicity of a plurality 
of said memory cells is in conformity with periodicity of 

20 said memory cell block selected by said selecting lines. 

44. A semiconductor memory device according to 
claim II, wherein a plurality of said selecting lines and 
a plurality of said fuses are laid out in the same pitch 
in the semiconductor chip* 

25 45, A semiconductor memory device according to 

claim 12, which detects whether or not said redundancy 
selecting lines are used by evaluating the output level 
of said shift redundancy fuse circuit unit and judging 
whether or not at least one of said fuses is cut in the 

30 block of a plurality or said memory cells. 

46. A semiconductor memory device according to 
claim 12, wherein the data write or read operation is 
executed in such a manner that periodicity of a plurality 
of said memory cells is in conformity with periodicity of 

35 said memory cell block selected by said selecting lines. 

47. A semiconductor memory device according to 
claim 12, wherein a plurality of said selecting lines and 
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a plurality of said fuses are laid out in the same pitch 
in the semiconductor chip. 

48. A semiconductor luemory device according to 
claim 13, vhich detects whether or not said redundancy 

5 selecting lines are used by evaluating the output level 
of said shift redundancy fuse circuit unit and judging 
whether or not at least one of said fuses is cut in the 
block of a plurality of said nemory cells. 

49. A semiconductor memory device according to 
10 claim 12, wherein the data write or read operation is 

executed in such a manner that periodicity of a plurality 
of said memory cells is in conforiuity with periodicity of 
said memory cell block selected by said selecting lines. 

50 . A semiconductor memory device according to 

15 claim 13/ wherein a plurality of said selecting lines and 
a plurality of fuses are laid out in the same pitch in 
the semiconductor chip, 

51. A semiconductor memory device according to 
claim 14, which detects whether or not said redundancy 

20 selecting lines are used by evaluating the output level 
of said shift redundancy fuse circuit unit and judging 
whether or not az leas-c one of said fuses is cut in the 
block of a plurality of said memory cells. 

52. A semiconductor memory device according to 
25 claim 14^ wherein the data write or read operation is 

executed in such a manner that periodicity of a plurality 
of said memory ceils is in conformity with periodicity of 
said memory cell block selected by said selecting lines. 
53* A semiconductor memory device according to 

30 claim 14, wherein a plurality of selecting lines and a 

plurality of said fuses are laid out in the same pitch in 
the semiconductor chip. 

54. A semiconductor memory device according to 
claim 15, which detects whether or not said redundancy 

35 selecting lines are used by evaluating the output level 
of said shift redundancy fuse circuit unit and judging 
whether or not at least one of said fuses is cut in the 
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block of a plurality of memory cells, 

55. A semiconductor memory device according to 
claiB 15, wherein zhe data write or read operation is 
executed in such a manner that periodicity of a plurality 
5 of said meiuory cells is in conforiuity with periodicity of 
said memory cell block selected by said selecting lines. 

56 r A semiconductor memory device according to 
claim 15 r wherein a plurality of said selecting lines and 
a plurality of said fuses are laid out in the same pitch 
10 in the semiconduc-::or chip. 

57- A semiconductor memory device according to 
claim 16, which detects whether or not said redundancy 
selecting lines are used by evaluating the output level 
of said shift redundancy fuse circuit unit and judging 
15 whether or noz ax. least one of said fuses is cut in the 
block of a plurality of said memory cells. 

58. A semiconductor memory device according to 
claim 16, wherein periodicity of a plurality of memory 
cells is in conformity with periodicity of said memory 

20 cell block selected by said selecting lines. 

59. A semiconductor memory device according to 
claim 16 r wherein a plurality of said selecting lines and 
a plurality of said fuses are laid out in the same pitch 
in the semiconductor chip. 

25 60. A semiconductor memory device according to 

claim 17^ which detects whether or not said redundancy 
selecting lines are used by evaluating the output level 
of said shift redundancy fuse circuit unit and judging 
whether or not at least one of said fuses is cut in the 

30 block of a plurality of said memory cells. 

61. A semiconductor memory device according to 
claim 17, wherein the data write or read operation is 
executed so that periodicity of a plurality of said 
memory cells is in conformity with periodicity of said 

35 memory cell block selected by said selecting lines. 

62. A semiconductor memory device according to 
claim 17, wherein a plurality of said selecting lines and 
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a plurality of said fuses are laid out in the same pitch 
in the semiconductor chip, 

63, A semiconductor memory device including a 
plurality of selecting lines for writing or reading data 
5 by selecting a specific memory cell from among a 

plurality of memory cells on the basis of the address 
signal supplied from external, comprising; 

at least one first redundancy selecting 
line positioned at one of the ends among a plurality of 

10 said selecting line and at least one second redundancy 
selecting line positioned at the other end; 

a svitch unit including a plurality of 
switch devices for changeabiy connecting a plurality of 
decode signal lines decoding said address signal to a 

15 plurality of said selecting lines and to said redundancy 
selecting lines; 

a fuse decoder circuit for designating the 
address of said fuse corresponding to a fault selecting 
line, in which a fault occurs, when the fault occurs in a 

20 plurality of said selecting lines, and generating a fuse 
decode signal ? and 

a shift redundancy control circuit unit 
for controlling a plurality of said switch devices in 
such a manner as to execute a first switch operation for 

25 shifting at least one of said decode signal lines in the 
direction of said first redundancy selecting line or a 
second switch operation for shifting at least one of said 
decode signal lines in the direction of said second 
redundancy selecting line or both of said first and 

30 second switch operaiiions in accordance with a fuse decode 
signal from said fuse decode circuit, 

54. A semiconductor memory device according to 
claim 63, wherein , when faults occur in two of a 
plurality of said selecting lines, said fuse decode 

35 circuit designates the addresses of said fuses 

corresponding to said two fault selecting lines in which 
the faults occur and generates said fuse decode signal. 
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and said shift redundancy control circuit unit controls a 
plurality of said switch devices in such a manner as to 
execute both of said first and second switch operations, 
65, A semiconductor memory device according to 
5 claim 64; wherein designation of the address of said fuse 
corresponding to each of said fault selecting lines by 
said fuse decoder circuit is made by the combination of a 
smaller number of a plurality of said fuses than the 
total number of a plurality of said selecting lines. 

10 66, A semiconductor memory device according to 

claim 64 f wherein said fuse decoder circuit includes two 
fuse decoder units for decoding signals generated by the 
combinations of a plurality of said fuses that are 
mutually differenr. 

15 67* A semiconductor memory device according to 

claim S3 r wherein^ when a fault occurs in one of a 
plurality of said selecting lines, said fuse decoder 
circuit designates the address of said fuse corresponding 
to said fault selecr-ing line in which the fault occurs, 

20 and generates a fuse -decode signal, and said shift 

redundancy control circuit unit controls a plurality of 
said switch devices in such a manner as to execute either 
one of said first and second switch operations. 

63. A semiconductor memory device according to 

25 claim 67, wherein designation of the address of said fuse 
correspondj-ng to said fault selecting line by said fuse 
decoder circuit is made by a smaller number of a 
plurali-cy of said fuses than the total number of a 
plurality of said seleccing lines. 

30 69. A semiconductor memory device according to 

claim 67, wherein said fuse decoder circuit includes two 
fuse decoder units for decoding signals generated by the 
combinations of a pluralj^ty of said fuses that are 
mutually different, 

^5 70. A semiconductor memory device including a 

plurality of selecting lines for writing or reading data 
by selecting a specific memory cell, from among a 
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plurality of meznory cells provided to each of a plurality 
of cell arrays on the basis of the address signal 
supplied from external ^ including, for each of a 
plurality of said cell arrays; 
5 at least one first redundancy selecting 

line positioned at one of the ends among a plurality of 
said selecting lines and at least one second redundancy 
selecting line positioned at the other end; 

a switch unit including a plurality of 

10 switch devices for connecting changeabiy a plurality of 
decode signal lines decoding said address signal to a 
plurality of said selecting lines and to said redundancy 
selecting lines; 

a fuse decoder circuit for designating the 

15 address of said fuse corresponding to a fault selecting 
liner in which a fault occurs, and generating a fuse 
decode signal on the basis of the combination of a 
smaller number of a pluraiiry of said fuses than the 
total nurri^er of a plurality of said selecting lines; and 

20 a shifr redundancy control circuit unit 

for controlling a plurality of said switch devices in 
such a manner as to execute a first s'witch operation for 
shifting at least one of said decode signal lines in the 
direction of said first redundancy selecting line or a 

25 second switch operation for shifting at lest one of said 
decode signal lines in the direction of said second 
redundancy selecting lines 'or both of said first and 
second switch operations, in accordance with the fuse 
decode signal from said fuse decoder circuit; 

30 wherein; 

said shift redundancy fuse circuit unit 
having a plurality of said fuses is shared by said cell 
arrays adjacent to one another. 

71. A semiconductor memory device according to 
35 claini 70, wherein said shift redundancy fuse circuit unit 
includes a fuse circuit for normal selection that is used 
for normal operation, a fuse circuit for redundancy 
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selection that is used for redundancy selection and a 
fuss circuit for forced redundancy that is used for 
forced redundancy. 

72, A semiconductor memory device according to 

5 claim 70 r wherein said fuse circuit for normal selection 
and said fuse circuit for forced redundancy are shared by 
said cell arrays adjacent to one another. 

73. A semiconductor menory device according to 
claim 71, wherein said fuse circuits for redundancy 

10 selection are independently provided to said adjacent 
cell arrays* 

74- A semiconductor memory device according to 
claim 70, which can execute said first switch operation 
or said second switch operation or both of said first and 

15 second operations for a plurality of said selecting lines 
of either one of said adjacent cell arrays^ or can 
execute said first switch operation or said second switch 
operation or both of said first and second switch 
operations for a plurality of said selecting lines of 

20 both of said adjacent, cell arrays. 

75. A semiconductor memory device according to 
claim 71;- which can execute said first switch operation 
or said second switch operation or both of said first and 
second swit-ch operations for a plurality of selecting 

25 lines of either one of said adjacent cell arrays, or can 
execute said first switch operation or said second switch 
operation or both of said firsx and second switch 
operations for a plurality of selecting lines of both of 
said adjacen-c cell arrays. 

30 76. A semiconductor memory device according to 

claim 72, which can execute said first switch operation 
or said second switch operation or both of said first and 
second switch operations for a plurality of said 
selecting lines of either one of said adjacent cell 

35 arrays or can execute said first switch operation or 
said second switch operation or both of said first and 
second switch operations for a plurality of said 
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selecting lines of both of said adjacent call arrays. 

77. A semiconductor memory device according to 
claim 73 r which can execute said first switch operation 
or said second switch operation or both of said first and 

5 second switch operations for a plurality of said 

selecting lines of either one of said adjacent cell 
arrays, or can execute said first switch operation or 
said second switch operation or both of said first and 
second switch operations for a plurality of said 
10 selecting lines of both of said adjacent cell arrays, 

78. A semiconductor memory device including a 
plurality of column selecting lines for writing or 
reading data by selecting a specific memory cell, from 
among a plurali-cy of memory cells constituting each of a 

15 plurality of memory call blocks on the basis of the 

address signal supplied from external, wherein each of 
said memory cell blocks is divided into a plurality of 
row blocks and each of said memory cell blocks comprises: 
at least one first redundancy selecting 

20 line positioned at one of the ends in a plurality of said 
column selecting lines and at least one second redundancy 
selecting line positioned at the other end; 

a switch uni- including a plurality of 
switch devices tor changeably connecting a plurality of 

25 decode signal lines decoding said address signal to a 
plurality of said column selecting lines and to said 
redundancy selecting lines; 

a redundancy fuse circuit unit including a 
smaller number of a plurality of fuses than the total 

30 number of a plurality of said column selecting lines and 
a plurality of redundancy selecting fuses disposed so as 
t:o correspond to said redundancy selecting lines, 
respectively; 

a fuse decoder circuit for designating the 
35 address of a fuse corresponding to a fault selecting line 
in which a fault occurs, when said fault occurs in a 
plurality of said column selecting lines, and generating 
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a fuse decode signal on the basis of the combination of a 
plurality of said fuses; and 

a shift redundancy control circuit unit 
for controlling a plurality of switch devices in such a 
5 manner as to execute a first switch operation for 

shif-cing at. least one of said decode signal lines in the 
direction of said first redundancy selecting line or a 
second switch operation for shifting at least one of said 
decode signal lines in the direction of said second 
10 redundancy selecting line or both of said first and 

second operations in accordance with said fuse decode 

signal from said fuse decoder circuit; and 

wherein: 

said first switch operation, or said 
15 second swinch operation, or both of said first and second 
switch operations, are executed/ or both of said first 
and second switch operat.ions are not executed^ for each 
of a plurality of said row blocks, on the basis of the 
logical addresses of a plurality of said row blocks. 
20 79, A semiconductor memory device according to 

claim 78, wherein said fuse decode Signal from said fuse 
decoder circuit is generated on the basis of said logical 
address . 

80. A semiconductor memory device according to 

25 claim 78. wherein said shift redundancy fuse circuit unit 
includes a fuse circuit for normal selection that is used 
for a normal operation, a fuse circuit for redundancy 
selection that is used for redundancy selection and a 
fuse circuit for forced redundancy that is used for 

30 forced redundancy. 

81. A semiconductor memory device according to 
claim 19, wherein said shift redundancy fuse circuit unit 
includes a fuse circuit for normal selection that is used 
for a normal operation, a fuse circuit for redundancy 

35 selection that is used for redundancy selection and a 
fuse circuit for forced redundancy that is used for 
forced redundancy. 
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82. A semiconduc-tor memory device including a 
plurality of coluirn selecting lines for writing or 
reading data by selecting a specific memory cell/ from 
among a plurality of memory cells constituting each of a 
5 plurality of memory cell blocks^ on the basis of the 

address signal supplied from external, wherein each of a 
plurality of said memory cell blocks is divided into a 
plurality of row blocks, and each of a plurality of said 
memory cell blocks comprises: 

10 at least one first redundancy selecting 

line positioned at one of the ends among a plurality of 
said column selecting lines and at least one second 
redundancy selecting line positioned at the other end; 

a switch unit including a plurality of 

15 switch devices for changeably connecting a plurality of 
decade signal lines decoding said address signal to a 
plurality of said column selecting lines and to a 
plurality of said redundancy selecting lines; 

a shift redundancy fuse circuit unit 

20 including a plurality of fuses disposed so as to 

correspond to a plurality of said column selecting lines 
and to said redundancy selecting lines, respectively ^ and 
cutt:.ng a fuse corresponding to a fault selecting line in 
which a fault occurs, when the fault occurs in a 

25 plurality of said column selecting lines, and a 
redundancy selecting fuse corresponding to said 
redundancy selecting line; and 

a shift redundancy control circuit unit 
for controlling a plurality of said switch devices in 

30 such a manner as to execute a first switch operation for 
shifting at least one of said decode signal lines in the 
direction of said first redundancy selecting line or a 
second switch operation for shifting at least one of said 
decode signals in the direction of said second redundancy 

35 selecting line or both of said first and second switch 
operations, in accordance with the output result from 
said shift redundancy fuse circuit unit; and 
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wherein: 

said first switch operation or said second 
switch operation or both of said first and second switch 
operations are executed, or both of said first and second 
5 switch operations are not executed, on the basis of the 
logical addresses of a plurality of said row blocks, 

83. A semiconductor memory device according to 
claim 82/ wherein the output result of said shift 
redundancy fuse circuit unit is generated on the basis of 

10 said logical address, 

84. A semiconductor memory device according to 
claim 83, wherein said shift redundancy fuse circuit unit 
includes a fuse circuit for normal selection that is used 
for a normal operation, a fuse circuit for redundancy 

15 selection that is used tor redundancy selection and a 
fuse circuit for forced redundancy that is used for 
forced redundancy. 

85. A method for executing a shift redundancy 
operation comprising the steps of: 

20 arranging a plurality of selecting lines 

for writing or reading data by selecting a specific 
memory cell from among a plurality of memory cells on ths 
basis of the address signal supplied from external^ using 
said selecting line positioned at one of the ends among a 

25 plurality of said selecting lines as at least one first 
redundancy selecting line and using said selecting line 
positioned at the other end as at least one second 
redundancy selecting line; 

connecting changeably a plurality of 

30 decode signal lines decoding said address signal to a 

plurality of said selecting lines and to said redundancy 
selecting lines; and 

executing a first switch operation for 
shifting at least one of said decode signal lines in the 

3 5 direction of said first redundancy selecting line or a 

second switch operation for shifting at least one of said 
decode signal lines in the direction of said second 
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redundancy selecting line or both of said first and 
second svitch operations, when faults occur in a 
plurality of said selecting lines. 

86. A method for executing a shift redundancy 

5 operation according to claim 85/ wherein both of said 

first and second switch operations are executed when the 
faults occur in two selecting lines among a plurality of 
said selecting lines* 

87. A method for executing a shift redundancy 

10 operation according to claim 85^ wherein either one of 

said first and second switch operations is executed when 
the fault occurs in one selecting line among a plurality 
of said selecting lines. 

88. A method for executing a shift redundancy 
IS operation comprising the steps of: 

arranging a plurality of selecting lines 
for writing or reading data by selecting a specific 
memory cell from among a plurality of memory cells on the 
basis of the address signal supplied from external, using 

20 a selecting line positioned at one of the ends among a 
plurality of said selecting lines as at least one first 
redundancy selecting line and using a selecting line 
positioned at the other end as at least one second 
redundancy selecting line; 

25 connecting changeably a plurality of 

decode signal lines decoding said address signal to a 
plurality of said selecting lines and to said redundancy 
selecting lines; 

cu-cting a fuse corresponding to a fault 

30 selecting line in which a fault occurs, when the fault 

occurs in a plurality of selecting lines ^ and redundancy 
selecting fuses corresponding to said redundancy 
selecting lines ; in a shift redundancy fuse circuit unit 
having a plurality of fu$es; and 

35 executing a first switch operation for 

shifting at least one of said decode signal lines in the 
direction of said first redundancy selecting line or a 
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second switch operation for shifting at least one of said 
decode signal lines in the direction of said second 
redundancy selecting line or both of said first and 
second switch operations, in accordance with the output 
5 result from said shift redundancy fuse circuit unit. 

89. A method for executing a shift redundancy 
operation comprising the steps of; 

arranging a plurality of selecting lines 
for writing or reading data by selecting a specific 

10 memory cell from among a plurality of memory cells on the 
basis of the address signal supplied from external^ using 
a selecting line positioned at one of the ends among a 
plurality of said selecting lines as at least one first 
redundancy selecting line and using a selecting line 

15 positioned at the orher end as at least one second 
redundancy selecting line; 

connecting changeably a plurality of 
decode signal lines decoding said address signal to a 
plurality of said selecting lines and to said redundancy 

20 selecting lines; 

designating the address of a fuse 
corresponding to a fault selecting line in which a fault 
occurs and generating a fuse decode signal when the fault 
occurs in a plurality of said selecting lines; and 

25 executing a first switch operation for 

shifting at least one of said decode signal lines in the 
direction of said first redundancy selecting line or a 
second switch operation for shifting least one of said 
decode signal lines in the direction of said second 

30 redundancy selecting line or both of said first and 

second switch operarions, in accordance with said fuse 
decode signal. 

90, A method for executing a shift redundancy 
operation comprising the steps of; 

35 arranging a plurality of selecting lines 

for writing or reading data by selecting a specific 
memory cell, from among a plurality of memory cells 
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provided to each of a plurality of cell arrays on the 
basis of the address signal from external; using a 
selecting line positioned at one of the ends among a 
plurality of said selecting lines as at least one first 
S redundancy selecting line and using a selecting line 
positioned at the other end as at least one second 
redundancy selecting line; 

connecting changeably a plurality of 
decode signal lines decoding said address signal to a 

10 plurality of said selecting lines and to said redundancy 
selecting lines; 

causing said cell arrays adjacent to one 
another to share a shift redundancy circuit unit having a 
plurality of fuses; 

15 designating the address of a fuse 

corresponding ro a fault selecting line in which a fault 
occurs and generating a fuse decode signal when the fault 
occurs in a plurality of said selecting lines; and 

executing a first switch operation for 

20 shifting at least one of said decode signal lines in the 
direction or said first, redundancy selecting line or a 
second switch operation for shifting at least one of said 
decode signal lines in the direction of said second 
redundancy selecting line or both of said first and 

25 second switch operations in accordance with said fuse 
decode signal from said fuse decoder circuit. 

91. A method for executing a shift redundancy 
operation comprising the steps of: 

arranging a plurality of column selecting 

30 lines for writing or reading data by selecting a specific 
memory cell, from among a plurality of memory cells 
constituting each of a plurality of memory cell blocks on 
the basis of the address signal supplied from external, 
each of said memory cell blocks being divided into a 

35 plurality of row blocks^ using a column selecting line 
positioned at one of the ends among a plurality of said 
column selecting lines as at least one first redundancy 
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selecting line and using a column selecting line 
positioned at the other end as at least one second 
redundancy selecting line? 

connecting changsably a plurality of 
5 decode signal lines decoding said address signal to a 
plurality of said column selecting lines and to said 
redundancy selecting lines; 

designating the address of a fuse 
corresponding tc a fault selecting line in which a fault 

10 occurs^ and generating a fuse decode signal on the basis 
of the combination of a plurality of fuses in a shift 
redundancy fuse circuit unit having a plurality of said 
fuses when any fault occurs m a plurality of said column 
selecting lines; and 

15 executing a first switch operation for 

shifting at least one of said decode signal lines in the 
direction of said first redundancy selecting line or a 
second switch operation for shifting at least one of said 
decode signal lines in the direction of said second 

20 redundancy selecting line or both of said first and 

second switch operations or none of said first and second 
switch operations^ independently for each of a plurality 
of said row blocks on the basis of the logical addresses 
of a plurality of said row blocks, 

25 ^2. A method for executing a shift redundancy 

operation comprising t.he staps of: 

arranging a plurality of colurrj: selecting 
lines for writing or reading data by selecting a specific 
ir.emory cell^ from among a plurality of memory cells 

30 constituting each of a plurality of memory cell blocks on 
the basis of the address signal supplied from external, 
each of said memory cell blocks being divided into a 
plurality of row blocks using a column selecting line 
positioned at one of the ends among a plurality of column 

35 selecting lines as at least one first redundancy 
selecting line and using a column selecting line 
positioned at the other end as at least one second 
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redundancy selecting lines; 

connecting changeably a plurality of 
decode signal lines decoding said address signal to a 
plurality of said selecting lines and to said redundancy 
5 selecting lines; 

cutting a fuse corresponding to a fault 
selecting line in which a fault occurs and a redundancy 
selecting fuse corresponding to said redundancy selecting 
lines in a shift redundancy fuse circuit unit having a 

10 plurality of said fuses vhen any fault occurs in a 
plurality of said column selecting lines? and 

executing a first switch operation for 
shifting at least one of said decode signal lines in the 
direction of said first redundancy selecting line or a 

IS second switch operation for shifting at least one of said 
decode signal lines in the direction of said second 
redundancy selecting line or both of said first and 
second switch operations or none of said first and second 
swirch operations, independently for each of a plurality 

20 of row blocks on the basis of the logical addresses of a 
plurality of said row blocks. 

93, A semiconductor memory device including a 
plurality of selecting lines for writing or reading data 
by selecting a specific memory cell from among a 

25 plurality of memory cells on the basis of the address 
signal supplied from exTiernal, comprising: 

at least two first redundancy selecting 
lines positioned at one of the ends among a plurality of 
selecting lines and at least two second redundancy 

30 selecting lines positioned at the other end; and 

a first switch unit and a second switch 
unit disposed in at least two stages y for changeably 
connecting a plurality of decode signals decoding said 
address signal to a plurality of said selecting lines and 

35 to said redundancy selecting lines; 
wherein: 

when any fault occurs in a plurality of 
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said selecting lines, said first switch unit executes a 
first switch operation for shifting at least one of said 
decode signal lines in the direction of said first 
redundancy selecting line or a second switch operation 
for shifting an least one of said decode signal lines in 
the direction of said second redundancy selecting lines 
or both of said first and second switch operations; and 
said second switch unit executes a third 
switch operation for shifting further at least one of 
said decode signals after said first switch operation in 
the direction of said first redundancy selecting line or 
a fourth switch operation for shifting further at least 
one of said decode signal lines after said second switch 
operation in the direction of said second redundancy 
selecting lines or both of said third and fourth switch 
operations or none of said third and fourth switch 
operations , 

94. A sen^iconductor memory device according to 
claim 93/ wherein, when faults occur in four of a 
pluraliTLv of said selecting lines, said first switch unit 
executes both of said first and second switch operations 
and said second switch unit executes both of said third 
and fourth switch operations . 

95. A semiconductor memory device according to 
claini 93, wherein, when faults occur in three of a 
plurality of said selecting lines, said first switch unit 
executes both of said first and second switch operations 
and said second switch unit executes either one of said 
third and fourth switch operations. 

96. A semiconductor memory device according to 
claim 93, wherein, when faults occur in two of a 
plurality of said selecting lines, said first switch unit 
executes either one of said first and second switch 
operations and said second switch unit executes either 
one of said third and fourth switch operations. 

97. A semiconductor memory device according to 
claim 93, wherein, when faults occur in two of a 
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plurality of said selecting lines, said first switch unit 
executes both of said first and second switch operations 
and said second switch unit executes none of said third 
and fourth switch operations. 
5 93. A semiconductor memory device according to 

claim 93, wherein, when a fault occurs in one of a 
plurality of said selecting lines, said first switch unit 
executes either one of said first and second switch 
operations and said second switch unit executes none of 
10 said third and fourth switch operations. 
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SgMICQNPnCTQR MEMORY PSVICS AND METH OD FOR EXSCU'TIH^ 
SKIFT REDUNDA N qY QPEKATIQK 



5 

ABSTRACT OF THE DISCLOSURE 

A semiconductor memory device having a shift 

10 redundancy function includes a switch circuit for 

changeably connecting a plurality of decode signal lines 
decoding an address signal to a plurality of selecting 
lines and redundancy selecting lines, and executes a 
switch operation for shifting at least one of a plurality 

15 of decode lines in the direction of a first redundancy 
selecting line positioned at one of the ends among a 
plurality of selecting lines or a second switch operation 
for shifting at least one of the decode lines in the 
direction of a second redundancy selecting line 

2 0 positioned at the other end among the selecting lines or 
both of the first and second operations when any fault 
occurs in a plurality of selecting lines. The 
semiconductor memory device preferably includes two or 
ruore first redundancy selecting lines positioned at one 

25 of the ends of a plurality of selecting lines , two or 

more second redundancy selecting lines positioned at the 
other end, and first and second switch units disposed in 
two stages. When any fault selecting line occurs, the 
first switch unit executes a first switch operation for 

30 shifting at least one of the decode signal lines in the 
direction of the first redundancy selecting line or a 
second switch operation for shifting the same in the 
direction of the second redundancy selecting line, or the 
second switch unit executes a third switch operation for 

35 shiftiing at least one decode signal line in the direction 
of the first redundancy selecting line or a fourth switch 
operation for shifting it in the direction of the second 
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redundancy selecting line. 
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15 listed beiow) or an original, first and joint inventor {If plural 
name* are fistsd below) of the subject matftf wrt(ch is cUimed and 
for which a patent is sotigftt on the mvention endued 

SEMICONDUCTOR MEMORY DEVICE AND 
METHOD FOK EXECUTING SHIFT REDUNDANCY 



OPERATION 



the spectrrcATion of wftich is dfldched hereto unless the followrng 
box ts checkad: 



as Untied States AppiJcation Num&er or 
PCT tntemationaJ Application Number 
_.^«..^_^„_^^^ and wa* amended on 



! hefedy state that t have reviewed itirf understand the contents of 
Jhe aoove identffled speaficatlon. includiog the eUims. as 
amended by any amendniem referred to above. 



J acknowledge the duty to discfo^ intorrrwtion which is matenaj lo 
patentabitity as defined in Title 3/, Code of Federal ftegulalions, 
Section 1.56, 



?xj« I Of X5 



Bu.d«a Hour Suc.m.nt. Th.* .sun.*.cvl uv 0.4 h«u« m .ompl.r« T.m. vilj v.o' depending upon A. of i„<i.vc<tu*| «s.. Anv «mm.«ts on ilic 

S£ND FEES OR COMFL^SD F0^M5 TO THIS ADDRESS. SEND TO- C«mmi«ion.r .r P,tcn» «d Tr.dem.rk.. W.,h,«g^o„' D<^S 



Ufloer ine Paoervrtrt RwueifCff Act of 1 9S5 no ^rtcns reomfed reapori d \o 3 con«coon pf tnfamwtwn ufiteas it agp tays » vai>d 0M6 corww ncmoer. 

Japanese Language Declaration 



«*-T;^dfr3F?^7:^i^ 3 5 S (3) JS;::5-f < ^JB^iiilS, Z 



Prior Foreign ApplfC3iion<s) 
10-20844Q{Pat.appl n , )^ 

VQ-31B164(Pat.ADpI n .1 



Japan 



{Cfluncry) 

Japan 



fCoumr/) 

(For an additional Prior Foreign Ayplicat: 
iS I? *a i$ s I z ^ i£ 5 n ;t ?» 5i J & - 1 ^ • a ^ 7:: L * » 



1 hereby cJaim foreign pnority under Title 3S, United Statfts Co<te. 
Section 113 (a}-<d) or 3S5(b> 0^ 4ny foreign appf)cation(st ior p»ienf 
or inv«nwr's ceniricate, or 38S(a) of any i»CT mivrnadonat 
appiicatian whtcft designated it least one country otfter ih*n the 
United States^ listed below «nd h«v« also Ktentified below, tiy 
checking me box, anyfor&ign ippiieation for pacent or inventor's 
certificate, ar PC7 imematienai appiicatton having a filmg date 
Before that ot the application on whjcn prionty is ciaimed. 

Priority Not Claimed 

23/July/1 996 

fDay/Month/Year Filed} ^ 

9 /November /I 998 



fDay^onih/Yaar Fiied) 
'on, please see page 5,) 

t hereby ciatm beneffl under Title 35. United Siares Cade, 
Section tISfc? of any United Statea provisional 3ppiication(s) if$ied 



(Apphcaticn No ) 



(Application Nq.j 



(Application No ; 



{F'lUnc Date) 
(iiiHS) 

(Fhing Date) 



f Application No.) 



(Filing Datsl 



} m!feby claim the benefit under Titit 3S, United Slates Code, 
Section 120 of any Unrted Stttes applicatiom*). o/OSSjc^ of any 
PCT ImernationaJ application dest^natrng the United Sutes. iisteo 
below and. insofar a«the tubject maner of each of me cJ^ims of 
this applicalion is not discfosed in the prior United States or PCT 
IntemaUonal appiicaDon in The manner provided by the firet 
paragraph of Title 35, United States Code Section 112. I 
acitnowitdge the duty to dwclose information which is material lo 
patentability as defied in T)tle 37. Code of federal Ueguiations. 
Section which becartM avaiJafite between ihe Tiiing date of the 
pnor application ^nd the nallonai or PCT Intematjonai tiling date of 
application, 

(Status: Patented. Pendmg. Abanaoned) 



{Status. Patented, Penoing. Abandoned) 

} hereby declare that all stalefnehts made herem of my own 
knowledge are true and that alt statements made an in/onrjatjon 
and belief ire believed to be cnje; and further that these 
itatements were mdde with the knowledge that willful false 
staifefnents and the tlk« jo made ar* punjshable by fine or 
imprisonment, ar both, under Section 1001 of Title ia of the 
United States Code and that such wplltul false statements may 
jeopardiie the validity of the application or any patent issued 
{hereon. 



Xf^tMtwt. Office; U,S, OH ^, ^ / ' ^t- 



Uncmf m« Pip^rwcrtT f^ftfiuCTon Act o» i9SS, fto 9««tna WW nCMtrtd to rtKcr^ to a coiiecffort of jnfomwoon uni«s» « dJ9eatr> - 



Japanese Language Declaration 

■ ^;r*;:c?>:*^^i: Cr, ^ir^iaiCVra— ^ifJc^ POWSH OF ATTORNEY: A5 * named invemor. ( hwijy appoint 
^-sc^^rrSigj^.S^fCaTTL Ti£?TTc#^— me /oOowing actom«y(ij anoior agertt(sj 18 presetfi/te tms 

i'^T. T^iliO^^ftS^'^:^ - (?r4i::r* jppiteation and traftMcr all busints* tn me Pawnt aflrf Tradamar* 

^77 5: ^ A t^SSi'^ -Sr '^^ ^ — i ) orflce conntcKd m«/ewiih rram* ana r^giicnrion numt^r) 

David T. HiJaido, Reg. No. 22,663; C3uries M- Marmeistein, Reg. No. 25,895; George £. Orani» Jr., No. 27.931; Robert 
B. Murray, Rflg. No. 22,980; E, Marci« Eraas, Re«. N<3> 32.131; Dougjas H. Goldhush, Reg. No. 33,125 

rrSl:^^^/! Send Corresportd«nce to: 

NIKAIDO. MARMELSTSXN, MURRAY & ORAM LLP 
MeeopOiitan Square - 655 Hfteeniii Screet, N.W,. 
Suite 330 - G Street Lobby 
Washington, DX. 20005-5701 
a02) 63S-5000 Fas: (202) 638-4810 





r'jJI narrs a? 3ci« Ttrst ;fliv enter 

Satoshi Eto 








Kawasaki-shi / Kanagava, Japan 




Japanese 




Pwt O^fic* Address 

c/o FUJITSU LIMITED, 1-1, Kamikodanaka 


, 4-chome, Nakahara-kU; Kawasaki-shi ^ 
Kanagawa 211-8588, Japan 




Puii n^mt of second jotnt inv«'Ttftr i/ any 

Masato Matsumiya 




S6«nd mv«n tor's ^icnatuca^ . _^ ^ Gate 




Kawasaki-shi , Kanagawa, Japan 


S*5 


Japanese 




Pest Oifict Address 

c/o FUJITSU LIMITED, 1-1, Kamikodanaka 


4-chome, Nakahara-ku, Kawasaki -shi ^ 
Kanagawa 211-S5S8, Japan 




5^ tSu^piy similar information and signatura lor third ancj subsequent 
joint inventors.) 



1 993H 'H:;: 215f2?n_ 




Toshimi Ikeda 



Third inventor^s signiture ^^^^ 19^^^1999 



Residsnce 

Kawasak^ -^>^^ - Kanaaawa, Japan. 

Citizenship 

Japanese . — 



Post Office (VddrSSS 
c/o F UJITSU LIMITSD, 1-1, Kamiko danakg, 

Kanaqawa 211 -658 a ^ Japan — _ ^ 

Full name of fourth ioint inventor, if any 
Yuki Ishii 



ZAAc J^^y 1999 

^'"''^'Kawasa ki-Shi. Kanagawa ,^a pan_ 



Ci tUenshlP 

Japanese 



Post Office Address 
c/o vn.TTTS U LIMITED. 1 > Kainikodanaka 
TT"home Nakanara-ku, Kavasa.<i-shi , 
Kigagaw4 211-85BB . Japan 



Full nime of fiftli iolnl invenlar.lf any 
Akira Kikutake 



aesidenca , 
___ Kawasaki-s hi . Kanaqawa, Japan 



CI tnsnship 

Japanese 



Post Office Address Kainikodanaka 
c/o FUJITSU LIMITED, 1 -1, KamxKoa 

zii-assa^^agaiL 



Full nifte of siitth joint invanlor, if my 
yimlnoriKa wabata 



Sixth inventor's simme ju!y'l9, 1^ 



Residence T,r^=,n 
Kawasaki-shi, Kanagawa_^^Japan_ 



Japanese 



Posi Office Address 
c/o ^rT .TTT.^n LIMITED, 1-1, K amiko d anaka_ 



(Suooly similar info mat ion and signature for 

.n^m^^m^^^J^^'^^'-^^^- ' Jelth Ind 3u0seou.nt joint >«ventor3,) 



:^ ^H,-^^on^l Prior Fnrei . qn f^py V c.RyA<sn{ ^1 p^^^^.^y Claimed 



(Number) 



CIS) 



f Country^ "(Day /Wonth/ Year Filed) 



□ 



( Number ) 



(Humber) 



(Country) (Day /Month/ Year Filed) 



□ 



■ f countT-y) (Day/Month/Year Filed) 



( Number ; 
(#■?•) 



"f Country) (Day/Month/ Year Filed) 



(Number) 



{Country) (Day/Month/Year Filed) 



(Number) 



(Number) 



(Number) 



□ 



fCountry) (Day/Month/Year Filed) 



□ 



(Country) (Day/Month/Year Filed) 



a 



fCountry) (Day/Month /Year Filsd) 



(Number) 



□ 



(Country) ( Day/Month/Ysar Filed) 
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